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IT was the antient opinion of not a few, in the earlieft 
ages of philofophy, that the fixed ftars flood immoveable in 
the higheft parts of the world ; that under the fixed flars the 
planets were carried about the fun ; that the earth, as one of 
the planets, defcribed an annual courfe about the fun, while 
by a diurnal motion it was in the mean time revolved about 
its own axis ; and that the fun, as the common fire which 
ferved to warm the whole, was fixed in the centre of the 
univerfe. 

This was the philofophy taught of old by Pkilolaus , Arif- 
tarchus of Samos , Plato in his riper years, and the whole fe6l 
of the Pythagoreans ; and this was the judgment of Anaxi- 
mander, more antient than any of them ; and of that wife 
king of the Romaxis, Numa Pompilius , who, as a fymbol of 
the figure of the world with the fun in the centre, ere&ed a 
temple in honour of Vefta, of a round form, and ordained 
perpetual fire to be kept in the middle of it. 

The Egyptians were early observers of the heavens ; and 
from them, probably, this philofophy was fpread abroad 
among other nations; Tor from them it was, and the nations 
about them, that the Greeks , a people of themfelves more 
addicted to the fiudy of philology than of nature, derived their 
firfl, as well as foundeft, notions of philofophy ; and in the 
veftal ceremonies we may yet trace the antient fpirit of the 
Egyptians ; for it was their way to deliver their myfteries, 
that is, their philofophy of things above the vulgar way of 
thinking, under the veil of religious rites and hieroglyphic 
fymbols. 

It is not to be denied but that Anaxagoras , Democritus, f 
and others, did now and then ftart up, who would have it 
that the earth poffeffed the centre of the world, a$d that the 
You III. B 
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ftars of all forts were revolved towards die weft about the 
earth quiefcent in the centre, foine at a fwifter, others at a 
flower rate. 

However, it was agreed on both tides that the motions of 
the celeftial bodies were performed in fpaces altogether free 
and void of refiftance. The whim of folid orbs was of a later 
date, introduced by Eudoxus , Catippus , and Arijlotle; when 
the antient philofophy began to decline, and to give place to 
the new prevailing fi&ions of the Greeks. 

But, above all things, the phenomena of comets can by 
no means confift with the notion of folid orbs. The Chal- 
deans , the moft learned aftronomers of their time, looked 
upon the comets (which of antient times before had been 
numbered among the celeftial bodies) as a particular fort of 
planets, which, describing very eccentric orbits, prefented 
themfelves to our view only by turns, viz. once in a revolu- 
tion, when they defeended into the lower parts of their or- 
bits. 

And as it was the unavoidable confequence of the hypo- 
thefis of folid orbs,’ while it prevailed, that the comets (hould 
be thruft down below the moon, fo no fooner had the late 
obfervations of aftronomers reftor^d the comets to their an- 
tient places in the higher heavens, but thefe celeftial fpaces 
were at once cleared of the incumbrance of folid orbs, which 
by thele obfervations were broke into pieces, and difearded 
for ever. 

Whence it Was that the planets came to be retained within 
any certain bounds in thefe free fpaces, and to be drawn off 
from the reftilinear courfes, which, left to themfelves, they 
fhould have purfued, into regular revolutions in curvilinear 
orbits, are queftions which we do not know how the antients 
explained; and probably it was to give fome fort of fatis- 
fa<ftion to this difficulty that folid orbs were introduced. 

The later philofophers pretend to account for it either by 
the adiion of certain vortices, as Kepler and Des Cartes ; or 
by fome other principle of impulfe or attra&ion, as Borelli, 
Hooke , and others of our nation ; for, from the laws of motion. 
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it is tnoft certain that thefe effe&s mud proceed from the 
a&ion of fome force or other. 

But our purpofe is only to trace out the quantity and pro- 
perties of this force from the phaenomena (p. 174, vol. 1 *), 
and to apply what we difcover in fome iimple cafes as prin- 
ciples, by which, in a mathematical way, we may eftimate 
the effedts thereof in more involved cafes ; for it would be 
endlefs and impoffible to bring every particular to diredl and 
immediate obfervation. 

We faid, in a mathematical way , to avoid all queftions 
about the nature or quality of this force, which we would 
not be underftood to determine by any hypothefis ; and there- 
fore call it by the general name of a centripetal force, as it is 
a force which is diredted towards fome centre; and as it re- 
gards more particularly a body in that centre, we call it cir- 
cum-folar, circum-terreftrial, circum-jovial ; and in like man- 
ner in refpedl of other central bodies. 

That by means of centripetal forces the planets may be re- 
tained in certain orbits, we may eafily under (land, if we con- 
fider the motions of projedtiles (p. 2, S, 4, vol. 1); for a 
ftone projected is by the preffure of its own weight forced out 
of the redtilinear path, which by the projedlion alone itfhould 
have purfued, and made to defcribe a curve line in the air ; 
and through that crooked way is at laft brought down to the 
ground ; and the greater the velocity is with which it is pro- 
jedted, the farther it goes before it falls to the earth. We 
may therefore fuppofe the velocity to be fo increased, that it 
would defcribe an arc of 1, 2, 5, 10, 100, 1000 miles before 
it arrived at the earth, till at laft, exceeding the limits of the 
earth, it ftiould pafs quite by without touching it. 

Let AFB reprefent the furface of the earth, C its centre, 
VD, VE, VF, the curve lines which a body would defcribe, 
if projected in an horizontal diredtion from the top of an high 
mountain fucceffively with more and more velocity (vide vol. 
2, p. 180); and, becaufe the celeftial motions are fearcely 
retarded by the little or no refiftance of the fpaces in which 
they are performed, to keep up the parity of cafes, let us fup- 
pofe either that there is no air about the earth, or at leaft that 

* The Reference* are to the New Edition of the Mathematical Principles, fcc. 
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it is endowed with little or no power of refilling ; and for the 
fame reafon that the body proje&ed with a lefs velocity de- 
fcribes the leffer arc VD, and with a greater velocity the 
greater arc VE, and, augmenting the velocity, it goes farther 
and farther to F and G, if the velocity was ftill more and 
more augmented, it would reach at laft quite beyond the cir- 
cumference of the earth, and return to the mountain from, 
which it was projected. 

And fince the areas which by this motion it defcribes by a 
radius drawn to the centre of the earth are (by prop. 1, book ], 
Princip. Math.) proportional to the times in which they are 
defcribed, its velocity, when it returns to the mountain, will 
he no lefs than it was at firft; and, retaining the fame velo- 
city, it will defcribe the fame curve over and over, by the 
fame law. 

But if we now imagine bodies, to be proje&ed in the di- 
rections of lines parallel to the horizon from greater heights, 
as of 5, 10, 100, 1000, or more miles, or rather as many 
femi-diauieters of the earth, thole bodies, according to their 
different velocity, and the different force of gravity in different 
heights, will defcribe arcs either concentric with the earth, or 
varioully eccentric, and go on revolving through the heavens 
in thofe trajectories, juft as the planets do in their orbs. 

As when a ftone is projected obliquely, that is, any way 
but in the perpendicular direction, the perpetual deflexion' 
thereof towards the earth from the right line in which it was 
projected is a proof of its gravitation to the earth, no lefs certain 
than its direct defcent when only fuffered to fall freely from 
reft ; fo the deviation of bodies moving in free fpaces from 
re<tilinear palhs, and perpetual deflection therefrom towards 
any place, is a lure indication of the exiftence of fome force 
which from all quarters impels thofe bodies towards that 
place. 

And as, from the fuppofed exiftence of gravity, it neceffa- 
rily follows thAt all bodies about the earth muft prels down- 
wards, and therefore muft either defeend directly to the earth, 
if they are let fall from reft, or at lead perpetually deviate 
from right lines towards the earth, if they are projected ob- 
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THE SYSTEM OF THE WORLD. 5 

liquely ; fo from the fuppofed exiftence of a force directed to 
any centre, it will follow, by the like neceffity, that all bodies 
upon which this force a&s muft either defcend diredtly to 
that centre, or at leaft deviate perpetually towards it from 
right lines, if otherwife they Ihould have moved obliquely in 
thefe right lines. 

And how from the motions given we may infer the forces, 
or from the forces given we may determine the, motions, is 
fhewn in the two firft books of our Principles of Philosophy. 

If the earth is fuppofed to ftand ftill, and the fixed liars to 
be revolved in free fpaces in the fpace of 24 hours, it is cer- 
tain the forces by which the fixed liars are retained in their 
orbs are not dire&ed to the earth, but to the centres of the 
feveral orbs, that is, of the feveral parallel circles, which the 
fixed liars, declining to one fide and the other from the equa- 
tor, defcribe daily; alfo that by radii drawn -to the centres 
of thofe orbs the fixed liars defcribe areas exadily propor- 
tional to the times of defcription. Then, becaufe the perio- 
dic times are equal (by cor;3, prop. 4, book 1), it follows that 
the centripetal forces are as the radii of the feveral orbs, and 
that they will perpetually revolve in the fame orbs. And the 
like confequences may be drawn from the fuppofed diurnal 
motion of the planets. 

That forces Ihould be dire6led to no body on which they 
phylically depend, but to innumerable imaginary points 
in the axis of the* earth, is an hypothefis too incongruous. 

It is more incongruous ftill that thofe forces fhbuld increafe 
exa<$lly in proportion of the diftances from this axis ; for this 
is an indication of an increafe to immenfity, or rather to infi- ^ 
nity; whereas the forces of natural things commonly de- 
creafe in receding from the fountain from which they flow. 
But, what is yet more abfurd, neither are the areas defcribed 
by the fame ftar proportional to the times, nor are its revo- 
lutions performed in the fame orb ; for as the ftar recedes 
from the neighbouring pole, both areas and orb increafe ; and 
from the increafe of the area it is demonftrated that the 
forces are not dir'e&ed to the axis of the earth. And this 
difficulty (cor, 1, prop. 2) arifes from the twofold motion 
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that is obferved in the fixed liars, one diurnal round the axis 
of the earth, the other exceedingly flow round the axis of the 
ecliptic. And the explication thereof requires a compofi- 
tion of forces fo perplexed and fo variable, that it is hardly 
to be reconciled with nny phyfical theory. 

That there are centripetal forces adlually diredted to the 
bodies of the fun, of the earth, and other planets, \ thus 
infer. 

The moon revolves about our earth, and by radii drawn to 
its centre (p. 167) defcribes areas nearly proportional to the 
times in which they are defcribed, as is evident from its ve- 
locity compared with its apparent diameter ; for its motion 
is flower when its diameter is lefs (and therefore its diftance 
greater), and its motion is fwifter when its diameter is greater. 

The revolutions of the fatellites of Jupiter about that planet 
are more regular (p. 162); for they defcribe circles concen- 
tric with Jupiter by equable motions, as exadlly as our fenfes 
can diftinguifli. 

And fo the fatellites of Saturn are revolved about this 
planet with motions nearly (p. 164) circular and equable, 
fcarcely difturbed by any eccentricity hitherto obferved. 

That Venus and Mercury are revolved about the fun, is 
demonftrable from their moon-like appearances (p. 165): 
when they fhine with a full face, they are in thofe parts of 
their orbs which in refpedt of the earth lie beyond the fun ; 
when they appear half full, they are in thofe parts which lie 
over againft the fun; when horned, in thofe parts which lie 
between the earth and the fun ; and fometimes they pafs 
oyer the fun's difk, when diredlly interpofed between the 
earth and the fun. 

And Venus, with a motion alinoft uniform, defcribes an 
orb nearly circular and concentric with the fun. j 

But Mercury, with a more eccentric motion, makes remark- 
able approaches to the fun, and goes off again by turns ; but 
it is always fwifter as it is near to the fun, and therefore by a 
radius drawn to the fun ftifl defcribes areas proportional to 
the times. 
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Laftly, that the earth defcribes about the fun, or the fun 
about the earth/ by a radius from the one to the other, areas 
exa&ly proportional to the times, is demonfirable from the 
apparent diameter of the fun compared with its apparent 
motion. 

Thefeare aftronomical experiments; from which it follows, 
by prop. 1, 2, 3, in the firft book of our Principles, and their 
corollaries (p. 167> 168, 170* that there are centripetal forces 
adlually dire6ted (either accurately or without confiderable 
error) tp the centres of the earth, of Jupiter, of Saturn, and 
of the fun. In Mercury, Venus, Mars, and the lefler planets, 
where experiments are wanting, the arguments from analogy 
muft be allowed in their place. 

Thatthofe forces (p. 167, 168, 171) decreafe in the dupli- 
cate proportion of the diftances from the centre of every 
planet, appears by cor. 6, prop. 4, book 1 ; for the periodic 
times of the fatellites of Jupiter are one to another (p. 162, 
163) in the fefquiplicate proportion of their diftances from 
the centre of this planet. 

This proportion has been long ago obferved in thofe fh- 
tellites ; and Mr. Flamfied , who had often meafured their 
diftances from Jupiter by the micrometer, and by the eclipfes 
of the fatellites, wrote to me, that it holds to all the accuracy 
that poffibly can be difcerned by our fenfes. And he fent me 
the dimenfions of their orbits taken by the micrometer, and 
reduced to the mean diftance of Jupiter from the earth, or 
from the fun, together with the times of their revolutions, as 
follows : 


The greateft elonga- 
tion of the fatellites 
from the centre of 
J upiter as feen from 
the fun. 

The periodic times of 
their revolutions. 

1 

48 or 108 
2d... 3 01 or 181 
3d,.. 4 46 or 286 
4th.. .8 13§ or 493| 

a. h. , 

1 18 28 36 

3 13 17 54 

7 03 59 36 

16 18 5 13 
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Whence the fefquiplicate proportion may be eafily feen. 
For example; the l6 d . 18 h . 05' 13" is to the time l d . 18 h . 28' 
36" as 493 i" X x/493% 7 to 108" X y/108", negle&ing thofe . 
fmall fractions which, in observing, cannot be certainly de- 
termined. 

Before the invention of the micrometer, the fame diftances 
were determined in femi-diameters of Jupiter thus : 
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After the invention of the micrometer. 


By Townley .... 

. .5,51 

8,78 

13,47 

24,72 

Flamfted .... 

. .5,31 

8,85 

13,98 

24,23 

More accurately 1 
by the eclipfes J 

• .5,578 

8,876 

14,159 

24,903 


And the periodic times of thofe fatellites, by the obfervations 
of Mr. Flamfted , are.l d . 18 h . 28' 36" | 3 d . 17 h . 17' 54" | 7 d . 
S h . 59' 36" | l6 d . 18 h . 5' 13", as above. 

And the diftances thencfe computed are 5,578 | 8,878 | 
14,16.8 | 24,968, accurately agreeing with the diftances by 
obfervation. 

Caffini alfures us (p. 164, 165) that the fame proportion 
is obferved in the circum-faturnal planets. But' a longer 
courfe of obfervations is required before we can have a cer- 
tain and accurate theory of thofe planets. 

In the circum-folar planets. Mercury and Venus, the fame 
proportion Holds with great accuracy, according to the dimen- 
fions of their orbs, as determined by the obfervations of the 
bell aftronomers. 

That Mars is revolved about the fun is demonftrated from 
the phafes which it ftiews, and the proportion of its apparent 
diameters (p. 165, 166, and 167) ; for from its appearing full 
near conjun&ion with the fun, and gibbous in its quadratures, 
it is certain that it furrounds the fun. 
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And fince its diameter appears about five times greater 
when in oppofition to the fun than when in conjun&ion 
therewith, and its diftance from the earth is reciprocally as its 
apparent diameter, that diftance will be about five times lefs 
when in oppofition to than when in conjunction with the 
fun ; but in both cafes its diftance from the fun will be nearly 
about the fame with the diftance which is inferred from its gib- 
bous appearance in the quadratures. And as it encompaffes 
the fun at almoft equal diftances, but in refpect of the earth 
is very unequally diftant, fo by radii drawn to the fun it de- 
scribes areas nearly uniform ; but by radii drawn to the earth, 
it is fometimes fwift. Sometimes ftationary, and Sometimes re- 
trograde. 

That Jupiter, in a higher orb than Mars, is likewife revolved 
about the fun, with a motion nearly equable, as well in dift- 
ance as in the areas defcribed, I infer thus. 

Mr. Flamfied affured me, by letters, that all the eclipfes of 
the innermoft fatellite which hitherto have been well obferved 
do agree with his theory fo nearly, as never to differ therefrom 
by two minutes of time ; that in the outmoft the error is little 
greater; in the outmoft but one. Scarcely three times greater ; 
that in the innermoft but one the difference is indeed much 
greater, yet fo as to agree as nearly with his computations as 
the moon does with the common tables ; and that he com- 
putes thofe eclipfes only from the mean motions corrected by 
the equation of light discovered and introduced by Mr. Ho- 
mer. Suppofing, then, that the theory differs bya lefs error 
than that of 2' from the motion of the outmoft fatellite as hi- 
therto defcribed, and taking as the periodic time l6 d . 18 h . 5 ' 
13" to 2' in time, fo is the whole circle or 360° to the arc 1' 
48", the error of Mr. Flamfied s computation, reduced to the 
fatellite’s orbit, will be lefs than 1' 48" ; that is, the longi- 
tude of the fatellite, as feen from the centre of Jupiter, will 
be determined with a lefs error than 1' 48". But when the 
fatellite is in the middle of the fliadow, that longitude is the 
fame with the heliocentric longitude of Jupiter ; and, there- 
fore, thehypothefis which Mr. Flamfied follows, vizi the Co - 
ptrnican , as unproved by Kepler , and (as to the motion of 
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Jupiter) lately corrected by himfelf, rightly represents that 
longitude within a lefs error than l' 48" ; but by this longi- 
tude, together with the geocentric longitude, which is always 
eafily found, the diftance of Jupiter from the fun is deter- 
mined ; which muft, therefore, be the very fame with that 
which the hypothefis exhibits. For that greateft error of 1* 
48" that can happen in the heliocentric longitude is almoft 
infenfible, and quite to be neglected, and perhaps may arife 
from fome yet undifcovered eccentricity of the Satellite; but 
fince both longitude and diftance are rightly determined, it 
follows of neceffity that Jupiter, by radii drawn to the fun, 
defcribes areas fo conditioned as the hypothefis requires, that 
is, proportional to the times. 

And the fame thing may be concluded of Saturn from his 
Satellite, by the observations of Mr. Huygens and Dr. Halley ; 
though a longer Series of observations is yet wanting to con- 
firm the thing, and to bring it under a Sufficiently exa& com- 
putation. 

For if Jupiter was viewed from the fun, it would never ap- 
pear retrograde nor ftationary, as it is feen Sometimes from 
the earth, but always to go forward with a motion nearly uni- 
form (p. 166 ). And from the very great inequality of its ap- 
parent geocentric motion, we infer (by prop. 3, cor. 4) that 
the force by which Jupiter is turned out of a rectilinear courfe, 
and made to revolve in an orb, is not dire&ed to the centre 
of the earth. And the fame argument holds good in Mars and 
in Saturn. Another centre of thefe forces is therefore to be 
looked for (by prop. % and 3, and the corollaries of the latter), 
about which the areas defcribed by radii intervening may be 
equable; and that this is the fun, we have' proved already in 
Mars and Saturn nearly, but accurately enough in Jupiter. 
It may be alledged that the fun and planets are impelled by 
fome other force equally and in the dire&ion of parallel lines ^ 
but by fuch a force (by cor. 6 of the laws of motion) no 
change would happen in the fituation of the planets one to 
another, nor any fenfible effect follow : but our bufinefs is 
with the caufes of fenfible effe&s. Let us, therefore, negledt 
every fuch force as imaginary and precarious, and of no ufe 
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THE SYSTEM OF THE WORLD. 11 

inthe phenomena of the heavens ; and the whole remaining 
force by which Jupiter is impelled will be dire&ed (by prop. 
3, cor. ]) to the centre of the fun. 

The diftances of the planets from the fun come out the 
lame, whether, with Tycho , we place the earth in the centre 
of the fyftem, or the fun with Copernicus : and we have al- 
ready proved that thefe diftances are true in Jupiter. 

Kepler and Bullialdus* have, with great care (p. 165), de- 
termined the diftances of the planets from the fun ; and 
lienee it is that their tables agree bell with the heavens. And 
in all the planets, in Jupiter and Mars, in Saturn and the 
Earth, as well as in Venus and Mercury, the cubes of their 
diftances are as the fquares of their periodic times; and there- 
fore (by cor. 6, prop. 4) the centripetal circum-folar force 
throughout all the planetary regions decreafes in the dupli- 
cate proportion of the diftances from the fun. In examining 
this proportion, we are to ufe the mean diftances, or the 
tranfverfe lemi-axes of the orbits (by prop. 15), and to negledt 
thofe little fractions, which, in defining the orbits, may have 
arifen from the infenfible errors of obfervation, or may be 
aferibed to other caufes which we £hall afterwards explain. 
And thus we (hall always find the faid proportion to hold ex- 
actly ; for the diftances of Saturn, Jupiter, Mars, the Earth, 
Venus, and Mercury, from the fun, drawn from the observa- 
tions of aftronomers, are, according to the computation of 
Kepler , as the numbers 95 1000,' 519650, 152350, 100000, 
72400, 38806 ; by the computation of Bullialdus , as the num- 
bers 954198, 522520, 152350, 100000, 72398, 38585 ; and 
from the periodic times they come out 953806, 520116, 
152399* 100000, 72333, 38710. Their diftances> according 
to Kepler and Bullialdus, fcarcely differ by any fenfible 
quantity, and where they differ mod the diftances drawn from 
the periodic times fall in between them, 

That the circum-terreftrial force likewife decreafes in the 
duplicate proportion of the diftances, I infer thus. 

The mean diftance of the moon from the centre of the 
earth, is, in ferui-diameters of the earth, according to Pto- 
lomy , Kepler in his Ephemtrides , Bullialdus, Heveltus, and 
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Ricciolus , 59 ; according to Flamjied , 59$ ; according to ly- 
cho, 5d{ ; to Vendelin , 60; to Copernicus , 60$-; to Kir c her, 62j 
(p. 169, 170, 171). 

But Tycho, and all that follow his tables of refra&ion, mak- 
ing the refractions of the fun and moon (altogether againft 
the nature of light) to exceed thofe of the fixed liars, and that 
by about four or five minutes in the horizon, did thereby aug- 
ment the horizontal parallax of the moon by about the like 
number of minutes ; that is, by about the 12th or 15th part 
of the whole parallax. Corre6l this error, and the diitance 
will become 60 or 61 femi-diameters of the earth* nearly 
agreeing with what others have determined. 

Let us, then, affume the mean dillance of the moon 60 fe- 
mi-diameters of the earth, and its periodic time in relpeft of 
the fixed liars 27 d . 7 h . 43', as allronomers have determined it. 
And (by cor. 6, prop. 4) a body revolved in our air, near the 
furface of the earth fuppofed at reft, by means of a centri- 
petal force which Ihould be to the fame force at the dift- 
ance of the moon in the reciprocal duplicate proportion of 
the diftances from the centre of the earth, that is, as 3600 
to 1, would (fecluding the refillanceof the air) complete are- 
volution in \\ 24' 27". 

Suppofe the circumference of the earth to be 123249600 
Paris feet, as has been determined by the late menfuration 
of the French (vide p. 188); then the fame body, deprived of 
its circular motion, and falling by the impulfe of the fame cen- 
tripetal force as before, would* in one fecond of time, defcribe 
1 5ry Paris feet. 

This we infer by a calculus formed upon pfop. 36, and it 
agrees with what we obferve in all bodies about the earth. 
For by the experiments of pendulums, and a computation 
raifed thereon, Mr. Huygens has demonllrated that ^bodies 
falling by all that centripetal force with which (of whatever 
nature it is} they are impelled near the furface of the earth, 
do, in one fecond of time, defcribe 1 5 -jV Paris feet. 

But if the earth is fuppofed to move, the earth and moon 
together (by cor. 4 of the laws of motion, and prop. 57) will 
be revolved about their common centre of gravity. And the 
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moon (by prop. 60) will in the fame periodic time, 27 d . 7 h . 43', 
with the lame circum-terreftnal force diminiflied in the 
duplicate proportion of the diftance, defcribe an orbit whofe 
femi-diameter is to the femi-diameler of the former orbit, that 
is, to 60 femi-diameters of the earth, as the fum of both the 
bodies of the earth and moon to the firft of two mean pro- 
portionals between this fum and the body of the earth ; that 
is, if we fuppofe the moon (on account of its mean appa- 
rent diameter 3 if') to be about -fa of the earth, as 4S to 

s 

\/ 42 4- 43^, or as about 128 to 127- And therefore the 
femi-diameter of the orbit, that is, the diftance between the 
centres of the moon and earth, will in this cafe be 60| femi-* 
diameters of the earth, almoft the fame w ith that affigned by 
Copernicus , which the Tychonic obfervations by no means 
difprove ; and, therefore, the duplicate proportion of the de- 
crement of the force holds good in this diftance. I have ne- 
glected the increment of the orbit which arifes from the a&ion 
of the fun as inconfiderable ; but if that is fubduCted, the 
true diftance will remain about 60* femi-diameters of the 
earth. 

But farther (p. 167) ; this proportion of the decrement of 
the forces is confirmed from the eccentricity of the planets, 
and the very flow motion of their aples ; for (by the corollaries 
of prop. 45) in no other proportion could the circum-folar 
planets once ip every revolution delcend to their leaft and 
once afcend to their greateft diftance from the fun, and the 
places of thofe diftances remain immoveable. A fmall error 
from the duplicate proportion would produce a motion of the 
apfes confiderable in every revolution, but in many enormous. 

But now, after innumerable revolutions, hardly any fuch 
motion has been perceived in the orbs of the circum-folar 
planets. Some aftronomers affirm that there is no fuch mo- 
tion ; others reckon it no greater than what may eafily arife from 
the caufes hereafter to be affigned, and js of no moment in 
the prefent queftion. 

We may even negleCl the motion of the moon’s apfis 
(p. 167> 168), which is far greater than in the circum-folar 
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planets, amounting in every revolution to three degrees ; and 
from this motion it is demonftrable that the circum-terreftrial 
force decreafes in no lefs than the duplicate, but far lefs than 
the triplicate proportion of the diilance ; for if the duplicate 
proportion was gradually changed into the triplicate, the mo- 
tion of the apfis would thereby increafe to infinity ; and, there- 
fore, by a very fmall mutation, would exceed the motion of 
the moon’s apfis. This flow motion arifes from the action of 
the circum-folar force, as we fhall afterwards explain. But, 
fecluding this caufe, the apfis or apogeoa of the moon will be 
fixed, and the duplicate proportion of the decreafe of the cir- 
cum-terreftrial force in different diftances from the earth will 
accurately take place. 

Now* that this proportion has been eftablifhed, we may 
compare the forces of the feveral planets among themfelves 
(p. 178). 

In the mean diftance of Jupiter from the earth, the greatefl 
elongation of the outmoft fatellite from Jupiter’s centre (by 
the observations of Mr. Flamjled) is 8' 18"; and therefore 
the diftance of the fatellite from the centre of Jupiter is to 
the mean diftance of Jupiter from the centre of the fun as 
124 to 52012, but to the mean diftance of Venus from the 
centre of the fun as 124 to 7234; and their periodic times 
are KJJ d . and 224| d . ; and from hence (according to Cor. 2, 
prop. 4), dividing the diftances by the fquares of the times, 
we infer that the force by which the fatellite is impelled to- 
wards Jupiter is to the force by which Venus is impelled to- 
wards the fuq as 442 to 143; and if we diminifh the force 
by which thfc fatellite is impelled in the duplicate proportion' 
of the diftahce 124 to 7234, we fhail have the circum-jovial 
force in the diftance of Venus from the fun to the circum- 
folar force by which Venus is impelled as to 143, or as 
1 to 1100 ; wherefore at equal diftances the circum-folar force 
is 1100 times greater than the circum-jovial. 

And, by the like computation, from the periodic time of 
the fatellite of Saturn 15 d . 22 h . and its greatefl elongation from 
jSaturn, while that planet is in its mean diftance from us, 3' 
20", it follows that t he diftance of this fatellite from Saturn’s 
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centre is t6 the diftance of Venus from the fun as 92§. to 
7234 ; and from thence that the abfolute cirfcum-folar force 
is 2360 times greater than the abfolute circum-faturnal. 

From the regularity of the heliocentric and irregularity of 
the geocentric motions of Venus, of Jupiter, and the other 
planets, it is evident (by cor. 4, prop. 3) that the circum* 
terreftrial force, compared with the circum-folar, is very 
fmall. 

Ricciolus and Vendelin have feverally tried to determine 
the fun’s parallax from the moon’s dichotomies obferved by 
the telefcope, and they agree that it does not exceed half 
a minute. 

Kepler, from Tycho's obfervations and his own, found 
the parallax of Mars infenfible, even in oppofition to the 
fun, when that parallax is fomething greater than the fun’s. 

Flam/led attempted the fame parallax with the microme- 
ter in the perigeon pofition of Mars, but never found it 
above 25"; and thence concluded the fun’s parallax at moft 
10 ". 

Whence it follows that the diftance of the moon from the 
earth bears no greater proportion to the diftance of the earth 
from the fun than 29 to 10000; nor to the diftance of Venus 
, from the fun than 29 to 7233. 

From whi<?h diftances, together with the periodic times, 
by the method above explained, it is eafy to infer that the 
abfolute circum-folar force is greater than the abfolute cir- 
cum-terreftrial force at leaft 229400 times. 

And though we were only certain, from the obfervations of 
Ricciolus and Vmdelin, that the fun’s parallax was lefs than 
half a minute, yet from this it will follow that the abfolute 
circum-folar force exceeds the abfolute circum-terreftrial force 
8500 times. 

By the like computations I happened to difcover an analogy 
that is obferved between the forces and the bodies of the 
planets; but, before I explain this analogy, the apparent 
diameters of the planets in their mean diftances from the 
earth muft be firft determined. 

Mr. Flamftedip . 163 ), by the micrometer, meafured the 
diameter of Jupiter 40" or 41" ; the diameter of Saturn’s ring 
50"; and the diameter of the fun about 32' 13" (p. 165). 
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But the diameter of Saturn is to the diameter of the ring/ 
according to Mr. Huygens and Dr. Halley , as 4 to 9; accord- 
ing to Galletius, as 4 to 10 ; and according to Hooke (by 
atelefcope of60 feet), as 5 to 12. And- from the mean 
proportion, 5 to 12, the diameter of Saturn’s body is inferred 
about 21”. 

Such as we have faid are the apparent magnitudes; but, 
becaufe of the unequal refrangibility of light, all lucid points 
are dilated by the telefcope, and in the focus of the objeft- 
glafs poffefs a circular fpace whofe breadth is about the 50th 
part of the aperture of the glafs. 

It is true, that towards the circumference the light is fo 
rare as hardly to move the fen fe; but towards the middle, 
where it is of greater denfity, and is fenfible enough, it makes 
a fmall lucid circle, whofe breadth varies according to the 
fplendor of the lucid point, but is generally about the 3d, 
or 4th, or 5th part of the breadth of the whole.* 

Let ABD reprefent the circle of the whole light; PQ the 
fmall circle of the denfer and clearer light ; C the centre of 
both; CA, CB, femi-diameters of the greater circle contain- 
ing a right angle at C; ACBE the fquare comprehended 
under thefe femi-diameters ; AB the diagonal of that fquare ; 
EGH an hyperbola with the centre C and afymptotes CA, 
CB; PG a perpendicular ere&ed from any point P of the 
line BC, and meeting the hyperbola in G, and the right lines 
AB, AE, in K and F: and the denfity of the light in any 
place P, will, by my computation, be as the line FG, and 
therefore at the centre infinite, but near the circumference 
very fmall. And the whole light within the fmall circle PQ 
is to the whole without as the area of the quadrilateral figure 
CAKP to the triangle PKB. And we are to underftand the 
fmall circle PQ to be there terminated, where FG, the den- 
fity of the light, begins to be lefs that what is required to 
move the fenfe. 

Hence it was, that, at the diftance of 191382 feet, a fire of 
3 feet in diameter, through a telefcope of 3 feet, appeared to 
Mr. Picart of 8" in breadth, when it fhould have appeared 
only of 3" 14"'; and hence it is that the brighter fixed ftars 
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appear through the telefcope as of 5" or 6" in diameter, 
and that with a good full light; but with a fainter light they 
appear to run out to a greater breadth. Hence, likewife, it 
was that Hevelius, by diminishing the aperture of the telefcope, 
did cut off a great part of the light towards the circumfe- 
rence, and brought the difk of the ftar to be more diftin&ly 
defined, which, though hereby diminilhed, did yet appear as 
of 5" or 6" in diameter. But Mr. Huygens , only by clouding 
the eye-glafs with a little fmoke, did fo effectually extinguish 
this fcattered light, that the fixed ftars appeared as mere 
points, void of all fenfible breadth. Hence alfo it was that 
Mr. Huygens , from the breadth of bodies interpofed to 
intercept the whole light of the planets, reckoned their dia- 
meters greater than others have meafured them by the mi- 
crometer; for the fcattered light, which could not be feen before 
for the ftronger light of the planet, when the planet is hid* 
appears every way farther fpread. Laftly, from hence it is 
that the planets appear fo fmall in the dilk of the fun, being 
leffened by the dilated light. For to Hevelius , Galletius , 
and Dr. Halley , Mercury did not feem to exceed 12" or 15" ; 
and Venus appeared to Mr. Crabtrie only l' 3"; to Horrox 
but l' 12"; though by the menfurations of Hevelius and 
Hugenius without the fun’s dilk, it ought to have been feen 
at leaft 1' 24". Thus the apparent diameter of the moon, 
which in 1684, a few days both before and after the fun’s 
eclipfe, was meafured at the obfervatory of Paris 31* 30", 
in the eclipfe itfelf did not feem to exceed SO- or SO' 05"; 
and therefore the diameters of the planets are to be diminilhed 
when without the fun, and to be augmented when within it, 
by fome feconds. But the errors feem to be lefs than ufual 
in the menfurations that are made by the micrometer. So 
from the diameter of the lhadow, determined by the eclipfes 
of the fatellites, Mr. Flamfied found that the feini-diameter 
of Jupiter was to the greateft elongation of the outmoft fatel- 
lite as 1 to 24,903. Wherefore fince that elongation is S' 
13", the diameter of Jupiter will be 39§"; and, rejecting the 
fcattered light, the diameter found by the micrometer 40" or 
41" will be reduced to 39i"; and the diameter of Saturn 21" 
Vol. Ill, C 
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is to be diminifhed by the like correction, and to be Reckoned 
20", or fomething lefs. But (if I am not miftaken) the diame- 
ter of the fun, becaufe of its ftronger light, is to be diminifhed 
fomething more, and to be reckoned about 32 ', or 32' 6". 

That bodies fo different in magnitude fhould come fo near 
to an analogy with their forces, is not without feme myftery 
(p. 180). 

It may be that the remoter planets, for want of heat, have 
not thofe metallic fubftances and ponderous minerals with 
which our earth abounds; and that the bodies of Venus and 
Mercury, as they are more expofed to the fun's heat, are alfo 
harder baked, and more compaCt. 

For, from the experiment of the burning-glafs, we fee that 
the heat increafes with the denfity of light; and this denfity 
increafes in the reciprocal duplicate proportion of thediftance 
from the fun; from whence the fun's heat in Mercury is 
proved to be fevenfold its heat in our fummer feafons. But 
with this heat our water boils; and thofe heavy fluids, 
quickfilver and the fpirit of vitriol, gently evaporate, as I 
have tried by the thermometer; and therefore there can be 
no fluids in Mercury but what are heavy, and able to bear a 
great heat, and from which fubftances of great denfity may 
be nourifhed. 

And why not, if God has placed different bodies at differ- 
ent diftances from the fun, fo as the denfer bodies always 
poffefs the nearer places, and each body enjoys a degree of 
heat fuitable to its condition, and proper for its nourifhment? 
From this CQnfideration it will beft appear that the weights of 
all the planets are one to another as their forces. , 

But I fhould be glad the diameters of the planets were 
more accurately meafured ; and tjiat may be done, if a lamp, 
fet at a great diftance, is made to fhine through a circular hole, 
and both the hole and the light of the lamp are fo diminifhed 
that the fpe&rum may appear through the telefcope juft like 
the planet, and may be defined by the famemeaiure: then 
the diameter of the hole will be to its diftance from the ob- 
jective glafs as the true diameter of the planet to its dif- 
tance from us. The light of the lamp may be diminifhed by 
the interpofition either of pieces of cloth, or of fmoked glafs. 
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Of kin to the analogy we have been defcribing, there is 
another obferved between the forces and the bodies attracted 
(p. 173> 174, 175). Since the adion of the centripetal force 
upon the planets decreafes in the duplicate proportion of the 
diftance, and the periodic time increafes in the fefquiplicate 
thereof, it is evident that the adions of the centripetal force, 
and therefore the periodic times, would be equal in equal 
planets at equal diftances from the fun ; and in equal diftances 
of unequal planets the total adions of the centripetal force 
would be as the bodies of the planets; for if the 
adions were not proportional to the bodies to be 
moved, they could not equally retrad thefe bodies from the 
tangents of their orbs in equal times : nor could the motions 
of the fatellites of Jupiter be fo regular, if it was not that the 
circum-foJar force was equally exerted upon Jupiter and all 
its fatellites in proportion of their feveral weights. And the 
fame thing is to be faid of Saturn in refped of its fatellite, 
and of our earth in refped of the moon, as appears from cor. 
2 and 3, prop. 65. And, therefore, at equal diftances, the 
adions of the centripetal force are equal upon all the planets 
in proportion of their bodies, or of the quantities of matter 
in their feveral bodies; and for the fame reafon muft be the 
fame upon all the particles of the fame fize of which the 
planet is compofed ; for if the adion was greater upon fome 
fort of particles than upon others than in proportion to their 
quantity of matter, it would be alfo greater or lefs upon the 
whole planets not in proportion of the quantity only, but 
likewife of the fort of the matter more copioufly found in. one 
and more fparingly in another. 

Infuch bodies as arefound on our earth ofvery different forts, 
I examined this analogy with great accuracy (p. 1 J2, 113). 

, If the ad; ion of the circum-terreftrial force is proportional 
to the bodies to be moved, it will (by the fecond law 
of motion) move them with equal velocity in equal times, 
and will make all bodies let fail to defcend through equal 
fpaces in equal times, and all bodies hung by equal threads 
to vibrate in equal times. If the adion of the force was 
greater, the times would be lei’s; if that was lefs, thefe would 
be greater. 

C 2 
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But it has been long ago obferved by others, that (allow- 
ance being made for the fmall reliftance of the air) all bodies 
defcend through equal fpaces in equal times; and, by the 
help of pendulums, that equality of times may be diftinguilh- 
ed to great exa&nefs. 

I tried the thing in gold, filver, lead, glafs, fand, common 
fait, wood, water, and wheat. I provided two equal wooden 
boxes. I filled the one with wood, and fufpended an equal 
weight of gold (as exactly as I could) in the centre of ofcilla- 
tion of the other. The boxes, hung by equal threads 
of 11 feet, made a couple of pendulums perfectly equal 
in weight and figure, and equally expofed to the reliftance of 
the air : and, placing the one by the other, I obferved them 
to play together forwards and backwards for a long while, 
with equal vibrations. And therefore (by cor. 1 and 6, prop. 
24, book 2) the quantity of matter in the gold was to the 
quantity of matter in the wood as the action of the motive 
force upon all the gold to the action of the fame upon all the 
wood ^ that is, as the weight of the one to the weight of the 
other. 

And by thefe experiments, in bodies of the fame weight, 
could have difcovered a difference of matter lefs than the 
thoufandth part of the whole. 

Since the action of the centripetal force upon the bodies 
attracted is, at equal diftances, proportional to the quantities 
of matter in thofe bodies, reafon requires that it Ihould be alfo 
proportional to the quantity of matter in the body attracting. 

For all action is mutual, and (p. 14, 27* v. 1, by the third law 
of motion) makes the bodies mutually to approach one to the 
other, and therefore mult be the fame in both bodies. It is 
true that we may confider one body as attracting, another as 
attracted ; but this diftinction is more mathematical than na- 
tural. The attraction is really common of either to other, and 
therefore of the fame kind in both. 

And hence it is that the attractive force is found in both. 
The fun attracts Jupiter and the other planets ; Jupiter at- 
tracts its fatellites ; and, for the fame reafon, the fatellites act 
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as we]] one upon another as upon Jupiter, and all the planets 
mutually one upon another. 

And though the mutual adtions of two planets may be dif- 
tinguilhed and confidered as two, by which each attracts the 
other, yet, as thofe actions are intermediate, they do not 
make two but one operation between two terms. Two bodie9 
may be mutually attracted each to the other by the contrac- 
tion of a cord interpofed. There is a double caufe of adtion, 
to wit, the difpofition of both bodies, as well as a Rouble ac- 
tion in fo far as the adtion is confidered as upon two bodies > 
but as betwixt two bodies it is but one fingle one. It is not 
one adtion by which the fun attrafts Jupiter, and another by 
which Jupiter attra&s the fun ; but it is one adtion by which 
the fun and Jupiter mutually endeavour to approach each the 
other. By the adtion with which the fun attradls Jupiter, 
Jupiter and the fun endeavours to come nearer together (by 
the third law of motion) ; and by the adtion with which Jupi- 
ter attradls the fun,likewife Jupiter and the fun endeavour to 
come nearer together. But the fun is not attradted towards 
Jupiter by a twofold adtion, nor Jupiter by, a twofold adtion 
towards the fun ; but it is one fingle intermediate adtion, by 
which both approach nearer together. v 

Thus iron draws the load-ftone (p. 27, vol. 1), as well as the 
load-ftone draws the non ; for all iron in the neighbourhood of 
the load-ftone draws other iron. But the adtion betwixt the 
load-ftone and iron is fingle, and is confidered as fingle by the 
philofophers. The adtion of iron upon the load-ftone is, in- 
deed, the adtion of the load-ftone betwixt itfelf and the iron, 
by which both endeavour to come nearer together : and fo it 
manifeftly appears; for if you remove the load-ftone, the 
whole force of the iron almoft ceafes. 

In this fenfe it is that we are to conceiye one fingle adiioqi 
to be exerted betwixt two planets, arifing from the confpir- 
ing natures of both ; and this adtion Handing in the faihe re- 
lation to both, if it is proportional to the quantity of matter 
in the one, it will be alfo proportional to the quantity of mat- 
ter in the other. 

C 3 
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Perhaps it may be objedied, that, according to this philofo- 
phy (p. 178), all bodies (hould mutually attradi one ano- 
ther, contrary to the evidence of experiments in terreftrial 
bodies; but I anfwer, that the experiments in terreftrial bo- 
dies come to no account ; for the attraction of homogeneous 
fpheres near their furfaces are (by prop 72) as their diame- 
ters. Whence a fphere of one foot in diameter, and of a 
like nature to the earth, would attract a fmall body placed 
near its furface with a force 20000000 times lefs than the 
earth would do if placed near its furface ; but fo fmall a force 
could produce no fenfible effedi. If two fuch fpheres were 
diftant but by | of an inch, they would not, even in fpaces 
void of refiftance, come together by the force of their mutual 
attraction in lefs than a month’s time ; and lefs fpheres will 
come together at a rate yet flower, viz. in the proportion of 
their diameters. Nay, whole mountains will not be fufficient 
to produce any fenfible effedt. A mountain of an hemifpheri- 
cal figure, three miles high, and fix broad, will not, by its at- 
traction, draw the pendulum two minutes out of the true per- 
pendicular ; and it is only in the great bodies of the planets 
that thefe forces are to be perceived, unlefs We may reafon 
about finaller bodies in manner following. 
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Let ABCD. (p. 27> vol. 1) reprefent the globe of 
the earth cut by any plane AC into two parts ACB, and 
ACD. The part ACB bearing upon the part ACD preffes it 
with its whole weight; nor can the part ACD fuftain this 
preflure, and continue unmoved, if it is not oppofed by an 
equal contrary preflure. And therefore the parts equally 
prefs each other hy their weights, that is, equally attract each 
other, according to the third law of motion ; and, if feparated 
and let go, would fall towards each other with velocities reci- 
procally as the , bodies. All which we may try and fee in the 
load-ftone, wbofe attra&ed part does not propel the part at- 
tracting, but is only Hopped and fuftained thereby. 

Suppofe now that ACB represents fome fmall body on 
the earth's furface; then, hecaufe the mutual attractions of 
}his particle, and of the remaining part ACD of the earth to- 
wards each other, are equal, but the attraction of the particle 
towards the earth (or its weight) is as the matter of the par- 
ticle (as we have proved by the experiment of the pendulums), 
the attraction of the earth towards the particle will likewife 
be as the matter of the particle ; and therefore the attractive 
forces of all terreftrial bodies will be as their feveral quantities 
of matter. 

The forces (p. 175), which are as the matter in ter- 
rellrial bodies of all forms, and therefore are not mutable 
with the forms, muft be found in all forts of bodies wbatfc- 
ever, celeftial as well as terreftrial, and be in all propor- 
tional to their quantities of matter, becaufe among all there 
is no difference of fubftance, but of modes and forms only. 
But in the celeftial bodies the fame thing is likewife proved 
thus. We have (hewn that the *aCiion of the circum-folar 
force upon all the planets (reduced to equal diftances) is as 
the matter of the planets ; that the a&ionof the circum-jovial 
force upon the fatellites of Jupiter obferves the fame law; 
and .the fame thing is to be faid of the attraction of all the 
planets towards every planet : bnt thence it follows (by prop. 
€ 9 ) that their attractive forces are as their feveral quantities 
of Blatter. 

C 4 
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As the parts of the earth mutually attract One another, fo 
do thofe of all the planets. If Jupiter and its fatellites were 
brought together, and formed into one globe, without doubt 
they would continue mutually to attra& one another as be- 
fore. And, on the other hand, if the body of Jupiter was 
broke into more globes, to be fure, thefe would no lefs attract 
one another than they do the fatellites now. From thefe at- 
tractions it is that the bodies of the earth and all the planets 
effect a fpherical figure, and their parts cohere, and are not 
difperfed through the aether. But we have before proved that 
thefe forces arife from the univerfal nature of matter(p. 177), and 
that, therefore, the force of any whole globe is made up of the 
(everal forces of all its parts. And from thence it follows (by 
cor. 3, prop. 74) that the force of every particle decreafes in 
the duplicate proportion of the diftance from that particle ; 
and (by prop. 73 and 75) that the force of an entire globe, rec- 
koning from the furface outwards, decreafes in the duplicate, 
but, reckoning inwards, in the fimple proportion of the dif- 
tances from the centres, if the matter of the globe be uniform. 
And though the matter of the globe, reckoning from the cen- 
tre towards the furface, is not uniform (p. 177, 178), yet 
the decreafe in the duplicate proportion of the difiance out* 
wards would (by prop. 76) take place, provided that difibrmi- 
ty is fimilar in places round about at equal diftances from the 
centre. And two fuch globes will (by the fame proposition) 
attraft one the other with a force decreafing in the duplicate 
proportion of the diftance between their centres. 

Wherefore the abfolute force of every globe is as the quan- 
tity of matter which the globe contains ; but the motive force 
by which every globe is attra&ed towards another, and which, 
in terreftrial bodies, we commonly call their weight, is as the 
content Under the quantities of matter in both globes applied 
to the fquare of the diftance between their centres (by cor. 4, 
prop. 76), to which force the quantity of motion, by which 
each globe in a given time will be carried towards the other, 
is proportional. And the accelerative force, by which every 
globe according to its quantity of matter is attracted towards 
another, is as the quantity of matter in that other globe ap» 
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plied to the fquare of the diftance between the centres of the 
two (by cor. 2 , prop. 76) ; to which force, the velocity by 
which the attracted globe will, in a given time, be carried to- 
wards the other is proportional. And from thefe principle! 
well underftood, it will be now eafy to determine the motion* 
of the celeftial bodies among themfelves. 

From comparing the forces of the planets one with ano- 
ther, we have above feen that the circum-folar does more 
than a thoufand times exceed all the reft; but by the a&ion 
of a force fo great it is unavoidable but that all bodies with- 
in, nay, and far beyond, the bounds of the planetary fyftem 
muft defcend dire&Iy to the fun, unlefs by other motions they 
are impelled towards other parts : nor is our earth to be ex- 
cluded from the number of fuch bodies; for certainly the 
moon is a body of the fame nature with the planets, and fub- 
je£l to the fame attra&ions with the other planets, feeing it is 
by the circum-terreftrial force that it is retained in its orbit. 
But that the earth and moon are equally attracted towards 
the fun, we have above proved; we have likewife before 
proved that all bodies are fubjeft to the faid common laws of 
attra&ion. Nay, fuppofing any of thofe bodies to be depriv- 
ed of its circular motion about the fan, by having its diftance 
from the fun, we may ftnd (by prop. 36) in what fpace of time 
it would in its defcent arrive at the fun ; to wit, in half that 
periodic time in which the body might be revolved at one 
half of its former diftance ; or in a fpace of time that is to the 
periodic time of the planet as 1 to 4*/ 2 ; . as that Venus in 
its defcent would arrive at the fun in the fpace of 40 days, 
Jupiter in the fpace of two years and one month, and the 
earth and moon together in the fpace of 66 days and 19 
hours. But, fince no fuch thing happens, it muft needs be, 
that thofe bodies are moved towards other parts (p. 3, vol. 
1), nor is evety motion fufticient for this purpofe. To 
hinder fuch a defcent, a due proportion of velocity is re- 
quired. And hence depends the force of the argument 
drawn from the retardation of the motions of the planets. 
Unlefs the circum-folar force decreafed* in the duplicate ratio 
of their increafing flownefs, the excefs thereof would force 


Digitized by LjOOQ le 



%6 THE SYSTEM OF THE WORLD, 

thofe bodies to defcend to the fun ; for inftatice, if the mo- 
tion (< cateris paribus) was retarded by one half, the planet 
would be retained in its orb by one fourth of the former cir- 
qum-folar force, and by the excefs of the other three fourths 
would defcend to the fun. And therefore the planets (Sa- 
turn, Jupiter, Mars, Venus, and Mercury) are not really retard- 
ed in their perigees, nor become really ftationary, or regref- 
five with flow motions. All thefe are but apparent, and the 
abfolute motions, by which the planets continue to revolve in 
their orbits, are always direcft, and nearly equable. But that 
fuch motions are performed about the fun, we have already 
proved ; and therefore the fun, as the centre of the abfolute 
motions, is quiefcent. For we can by no means allow quie- 
fcence to the earth, left the planets in their perigees {hould 
indeed be truly retarded, and become truly ftationary and re- 
greflive, and fo for want of motion Ihould defcend to the fun. 
But farther; fince the planets (Venus, Mars, Jupiter, and the 
reft) by radii drawn to the fun defcribe regular orbits, and 
areas (as we have {hewn) nearly and to fenfe proportional to 
the times, it follows (by prop. 3, and cor^ 3, prop. 65) that 
the fun is moved with no notable force, unlefs perhaps with 
fuch as all the planets are equally moved with, according to 
their feveral quantities of matter, in parallel lines, and fo the 
whole fyftem is transfered in right lines. Rejeft that tranf- 
lation of the whole fyftem, and the fun will be alutoft quie- 
scent in the centre thereof. If the fun was revolved about 
the earth, and carried the other planets round about itfelf, the 
earth ought to attraxft the fun with a great force, but the 
circum-folar planets with no force producing any fenfible 
cffe(ft, which is contrary to prop. 8, cor. 65. Add to this, 
that if hitherto the earth, becaufe of the gravitation of its 
parts, has been placed by moft authors in the lowermoft re- 
gion of the univerfe ; now, for better reafon, the fun poffeifed 
of a centripetal force exceeding our terreftrial gravitation a 
thoufand times and ihore, ought to be depreffed into the 
lowermoft place, and to be held for the centre of the fyftem. 
And thus the true difpofition of the whole fyftem will be morfe 
fully and more exa&ly underftood. 
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Becaufe the fixed fiars are quiefcent one in refpeift of 
another (p. 182, 183), we may confider the fun, earthy and 
planets, as one fyftem of bodies carried hither and thither by 
various motions among themfelves; and the commom centre 
of gravity of all (by cor. 4 of the laws of motion) will either 
be quiefcent, or move uniformly forward in a right line: in 
which cafe the whole fyftem will likewife move uniformly 
forward in right lines. But this is an hypothefis hardly to be 
admitted; and, therefore, fettiug it aiide, that common cen- 
tre will be quiefcent: and from it the fun is never far remov- 
ed. The common centre of gravity of the fun and Jupiter 
falls on the furface of the fun ; and though all the planets 
were placed towards the fame parts from the fun with Jupiter 
the common centre of the fun and all of them would fcarce- 
v ly recede twice as far from the fun's centre; and, therefore* 
though the fun, according to thevarious fituation of theplatiets, 
is varioufly agitated, and always wandering to and fro with a 
flow motion of libration, yet it never recedes one entire dia- 
meter of its own body front the quiefcent centre of the whole 
fyftem. But from the weights of the fun and planets above 
determined, and the fituation of all among themfelves, their 
common centre of gravity may be found; and, this bein£ 
given, the fun's place to any fuppofed time may be obtained. 

About the fun thus libraled the other planets are revolv- 
ed in elliptic orbits (p. 184), and, by radii draiyn to the 
fun* defcribe areas nearly proportional to the" times, as is ex- 
plained in prop. 65. If the fun was quiefcent, and the 
other planets did not a£l mutually one upon another, their 
orbits would be elliptic, and the areas exactly proportional 
to the times (by prop. ll>and cor. 1, prop. 13). But the a&ioris 
of the planets among themfelves, compared with the ac- 
tions of the fun on the planets, are of no moment, and pro- 
* duce no fenfible errors. And thofe errors are lefs in revolu- , 
tions about the fun agitated in the manner but now defcribed 
than if thofe revolutions were made about the the fun qui- 
efcent (by prop 66, and cor. prop. 68), efpeciaily if the, focus 
of every orbit is placed in the common centre of gravity of 
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all the lower included planets ; viz. the focus of the orbit of 
Mercury in the centre of. the fun; the focus of the orbit of 
Venus in the common centre of gravity of Mercury and the 
fun; the focus of the orbit of the earth in the common 
centre of gravity of Venus, Mercury, and the fun; and fo 
of the reft. And by this means the foci of the orbits of all 
the planets, except Saturn, will not be fenfibly removed 
from the centre of the fun, nor will the focus of the orbit 
of Saturn recede fenfibly from the common centre of gravity 
of Jupiter and the fun. And therefore aftronomers are not 
far from the truth, when they reckon the fun's centre the 
common focus of all the planetary orbits. In Saturn itfelf 
the error thence arifing does not exceed 1' 45". And if its 
orbit, by placing the focus thereof in the common centre of 
gravity of Jupiter and the fun, fliall happen to agree belter 
with the phenomena, from thence all that we have faid will 
be farther confirmed. 

If the fun was quiefeent, and the planets did not a & one on 
another, the aphelions and nodes of their orbits would likewifo 
(by prop. 1, 11, and cor. prop. 13) be quiefeent. And the 
longer axes of their elliptic orbits would (by prop. 15) be as the 
cubic roots of the fquares of their periodic times : and there- 
fore from the given periodic times would be alfo given. But 
tbofe times are to be meafured not from the equino&ial points, 
which are moveable, but from the firft ftar of Aries. Put 
the femi^axis of the earth’s orbit 100000, and the femi-axes 
of the orbits of Saturn, Jupiter, Mars, Venus, and Mercury, 
from their periodic times, will come out 953806,520116, 
152399* 72333, 387 10 refpe&ively. But from the ftin’s motion 
every femi-axis is inereafed (by prop. 60) by about one 
third of the diftance of the fun's centre from the common 
centre of gravity of the fun and planet (p. 185, 186.) And 
from the adlions of the exterior planets on the interior, 
the periodic times of the interior are fomething protra&ed, 
though fcarcely by any fenfible quantity ; and their aphelions 
are transfered (by cor. 6 and 7, prop. 66) by very flow mo- 
tions in confequentia . And on the like account the periodic 
times of all, efpecially of the exterior planets, will be pro- 
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longed by the a&ions of the comets* if any fuch there are, 
without the orb of Saturn, and the aphelions of all will be. 
thereby carried forwards in confequentia. But from the pro- 
grefs of the aphelions the regrefs of the nodes follows (by cor, 
11, 13, prop. 66). And if the plane of the ecliptic is quie- 
fcent, the regrefs of the nodes (by cor. 16, prop. 66) will 
be to the progrefs of the aphelion in every orbit as the re- 
grefs of the nodes of the moon’s orbit to the progrefs of its 
apogeon nearly, that is, as about 10 to21. But aftronomi- 
cal obfervations feem to confirm a very flow progrefs of the 
aphelions, and a regrefs of the nodes in refpedt of the fixed 
ftars. And hence it is probable that there are comets in the 
regions beyond the planets, which, revolving in very eccentric 
orbs, quickly fly through their perihelion parts, and by an ex- 
ceedingly flow motion in their aphelions fpend altnoll their 
whole time in the regions beyond the planets; as we (hall 
afterwards explain more at large. 

The planets thus revolved about the fun (p. 197, 198, 199) 
may at the fame time carry others revolving about them- 
felves as fatellites or moons, as appears by prop. 66. But from 
the a&ion of the fun our moon muft move with greater ve- 
locity, and, by a radius drawn to the earth, defcribe an area 
greater for the time; it muft have its orbit lefs curve, and 
therefore approach nearer to the earth in the fyzygies than 
in the quadratures, except in fo far as the motion of eccentri- 
city hinders thofe effe&s. For the eccentricity is greateft 
when the moon’s apogeon is in the fyzygies, and lead when 
the fame is in the quadratures; and hence it is that the 
perigeon moon is fwifter and nearer to us, but the apogeon 
moon flower and farther from us, in the fyzygies than in the 
quadratures. But farther; the apogeon has a progreflive 
and the nodes a regreflive motion, both unequable. For the 
apogeon is more fwiftly progreflive in its fyzygies, more 
flowly regreflive in its quadratures, and by the excefs of its 
progrefs above its regrefs is yearly transferred in confequentia : 
but the nodes are quiefcent in their fyzygies, and moft fwift- 
ly regreffi ve in their quadratures. But farther, ftill, the great- 
eft latitude of the moon is greater it its quadratures than in 
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its fyzygies; and the mean motion fwifter in the aphelion of 
the earth than in its perihelion. More inequalities in the 
moou’s motion have not hitherto been taken notice of by 
aftronomers: but all ihefe follow from our principles in cor. 
2, 8 , 4, 5, 6y 7, 8 , 9 » 10, 11 , 13, prop. 66 , and are known 
really to exill in the heavens. And this may be feen in that 
molt ingenious, and, if I millake not of all, the mod accurate, 
hypothefis of Mr Horrox y which Mr. Flamjted has fitted to 
the heavens ; but the aftronomical hypothefes are to be cor- 
rected in the motion of the nodes ; tor the nodes admit the 
greateft equation or profthaphaerefis in their oClants, and 
this inequality is moll confpicuous when the moon is in the 
nodes, and therefore alfo in the oClants ; and hence it was 
that Tychoy and others after him, referred this inequality to 
the oClants of the moon, and made it menftrual ; but the rea- 
fons by us adduced prove that it ought to be referred to the 
oClants of the nodes, and to be made annual. 

Befide thofe inequalities taken notice of by aftronomers 
(p. 198 , 235 to 237 ), there are yet fome others, by which 
the moon’s motions are lo difturbed, that hitherto by 
no law could they be reduced to any certain regulation. For 
the velocities or horary motions of the apogee and nodes of 
the moon, and their equations, as well as the difference be- 
twixt the greateft eccentricity in the fyzygies and the leafl 
in the quadratures,/ and that inequality which we call the va- 
riation, in the progrefs of the year are augmented and dimi- 
nifhed (by cor. 14, prop. 66 ) in the triplicate ratio of the fun’s 
apparent diameter. Befide that, the variation is mutable 
nearly in the duplicate ratio of the time between the quadra- 
tures (by cor. 1 and 2 , lem. 10 , and cor. 16 , prop. 66 ); and 
all tliofe inequalities are fomething greater in that part of the 
orbit which refpeCts the fun than in the oppofite part, but 
by a difference that is fcarcely or not at all perceptible. 

By a computation (p. 209 ), whieh for brevity’s fake 
I do not defcribe, I alfo find that the area which the moon 
by a radius drawn to the earth defcribes in the feveral equal 
moments of time is nearly as the fum of the number 237i%, 
and verfed fine of the double diftance of the moon from the 
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neareft quadrature in a circle whofe radius is unity ; and there- 
fore that the fquare of the moon's diftance from the earth is 
as that fum divided by the horary motion of the moon. 
Thus it is when the variation in the o&ants is in its mean 
quantity ; but if the variation is greater or lefs, that verfed 
fine mud be augmented or diminifhed in the fame ratio. 
Let aftronomers try how exactly the diftances thus found 
will agree with the moon's apparent diameters. 

. From the motions of our moon we may derive the motions 
of the moons or fatellites of Jupiter and Saturn (p. 199); for 
the mean motion of the nodes of the outmoft fatellite of 
Jupiter is to the mean motion of the nodes of our moon in a 
proportion compounded of the duplicate proportion of the 
periodic time of the earth about the fun to the periodic time 
of Jupiter about the fun, and the Ample proportion of the pe- 
riodic time of the fatellite about Jupiter to the periodic time 
of our moon about the earth (by cor. 16 , prop. 66) : and there- 
fore thofe nodes, in the fpace of a hundred years, are car- 
ried 8° 24' backwards, or in antecendentia. The mean mo- 
tions of the nodes of the inner fatellites are to the (mean) mo- 
tion of (the nodes of) the outmoft as their periodic times to 
the periodic time of this, by the fame corollary, and are 
thence given. And the motion of the apfis of every fatellite 
in confequcntia is to the motion of its nodes in antecedentia , as 
the motion of the apogee of our moon to the motion of its 
nodes (by the fame corollary), and is thence given. The 
greateft equations of the nodes and line of the apfes of each 
fatellite are to the greateft equations of tb£ nodes and the line 
of the apfes of the moon refpe&ively as the motion of the 
nodes and line of the apfes of the fatellites in the time 
of one revolution of the firft equations to the motion 
of the nodes and apogeon of the moon in the time of 
one revolution of the laft equations. The variation of a 
fatellite feen from Jupiter is to the variation of our moon in the 
fame proportion as the whole motions of their nodes refpec- 
tively, during the times in which the fatellite and our moon 
(after parting from) are revolved (again) to the fun, by the 
fame corollary ; and therefore in the outmoft fatellite the 
variation does not exceed 5" 12"'. From the fmall quantity 
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of thofe inequalities, and the flownefs of the motions, it hap- 
pens that the motions of the fatelfites are found to be fo re- 
gular, that the more modern aftronomers either deny all mo- 
tion to the nodes, or affirm them to be very flowly re- 
greffive. 

(P. 186). While the planets are thus revolved in orbits 
about remote centres, in the mean time they make their fe- 
veral rotations about their proper axefc ; the fun in 26 days ; 
Jupiter in 9 h . 56' ; Mars in 24| h . ; Venus in 2S h . ; and that 
in planes not much inclined to the plane of the ecliptic, and 
according to the order of the figns, as aftronomers determine 
from the fpots or maculae that by turns prefent themfelves 
to our fight in their bodies; and there is a like revolution of 
our earth performed in 24 h . ; and thofe motions are neither ac- 
celerated nor retarded by the actions of the centripetal forces, 
as appears by cor. 22, prop. 66 ; and therefore of all others 
they are the mod equable and moft fit for the menfuration of 
time ; but thofe revolutions are to be reckoned equable not 
from their return to the fun, but to fome fixed ftar : for as 
the pofition of the planets to the fun is unequably varied, the 
revolutions of thofe planets from fun to fun are rendered un- 
equable. 

In like manner is the moon revolved about its axis by a 
motion moft equable in refpeCt of the fixed ftars, viz. in 27 d . 
7 h . 43', that is, in the fpace of a fidereal month ; fo that this 
diurnal motion is equal to the mean motion of the moon in its 
orbit : upon which account, the fame face of the moon al- 
ways refpeCts the centre about which this mean motion is per- 
formed, that is, the exterior focus of the moon’s orbit nearly ; 
and hence arifes a deflection of the moon’s face from the 
earth, fometimfcs towards the eaft, and other times towards 
the weft, according to the pofition of the focus which it re- 
fpedts; and this defleCtion is equal to the equation of the 
moon’s orbit, or to the difference betwixt its mean and true 
motions ; and this is the moon’s libration in longitude : but it 
is likewife affeded with a libration in latitude arifingfrom the 
inclination of the moon’s axis to the plane of the orbit ia 
which the moon is revolved about the earth ; for that axis re^ 
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tains the fame petition to the fixed ftars nearly, and hence 
the poles prefent themfehres to our view by turns, as we may 
underftand from the example of the motion of the earth, 
wfaofe poles, by reafon of the inclination of its axis to the 
plane of the ecliptic, are by turns illuminated by the fun. 
To determine exa&ly the pofition of the moon’s axis to the 
fixed ftars, and the variation of this pofition, is a problem wor- 
thy of an aftronomer. 

By reafon of the diurnal revolutions of the planets, the mat- 
ter which they contain endeavours to recede from the axis of 
this motion ; and hence the fluid parts rifing higher towards 
the equator than about the poles (p. 187), would lay the folid 
parts about the equator under water, if thole parts did not 
rife alfo(p. 187, 191, 192): upon which account the planets 
are fomething thicker about the equator than about the 
poles; and their equinodial points (p. 197) thence become 
regreffive ; and their axes, by a motion of nutation, twice in 
every revolution, librate towards their ecliptics, and twice re- 
turn again to their former inclination, as is explained in cor. 
18, prop. 66; and hence it is that Jupiter, viewed through 
very long telefcopes, does not appear altogether round (p. 191), 
but having its diameter that lies parallel to the ecliptic fome- 
thing longer than^that which is drawn from north to fouth. 

And from the diurnal motion and the attra6Uons (p. 200, 
204) of the fun and moon Our fea ought twice to rife and 
twice to fall every day, as well lunar as fofcur (by cor. 19, 20, 
prop. 66), and the greateft height of the water to happen be- 
fore the fixth hour of either day and after the twelfth hour 
preceding. By the flownefs of the diurnal motion the flood 
is retraded to the twelfth hour ; and by the force of the mo- 
tion of reciprocation it is protraded and deferred till a lime 
nearer to the fixth hour. But till that time is more certainly 
determine by the phenomena, choofing the middle between 
tfepfe extremes, why may we not conjedure the greateft 
height of the water tp happen at the third hour ? for thus the 
water will rife all that time in which the force of the lumi- 
naries to raife it is greater, and will fall all that time in which 
their force is kfs ; vis. from the nhtyA to the third hour when 
Vox. Ill, 9 ' 
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that force is greater, and. firom the third to the ninth when it' 
is.lefs. The hours I reckon from the apputle of each Iqmi^ 
nary to the meridianof the place,aswell under gsiabove th& 
horizon ; and by the hours of the lunar day I.underftand the 
twenty-fourth parts of that time which, the; moon fpends be- 
f&M' it comes about again by its appafttrf; diurnal motion to 
the meridian of the place which it left the day before 

But the two motions which the two luminaries Taife will not 
appear diftinguilhed, but will make a certain mixed motion. In 
the conjunction or oppofition of the luminaries their forces wilt 
be conjoined, and bring on the greateft flood and ebb. In the 
quadratures the fun will raife the waters which themoon depref- 
feih, and deprefs the waters which the moon raifeth ; and from 
the difference of their forces the fmalleft of all tides will follow. 
And becaufe (as experience tells us) the force of the moon 
is greater than that of the fun, the greateft height of the 
water will happen about the third lunar hour. Out of the 
fyzygies and quadratures the greateft tide which by the fingle 
force of the moon ought to fall out at the third lunar hour, 
and by the fingle force of the fun at the third' folar hour, by 
the compounded forces of both muft fall out in an interw 
mediate time that approaches nearer to the third hour of the 
moon than to that ©f the fun ; and, therefore, while the moon 
is paffing from the fyzygies to the quadratures, during 
which time the third hour of the fun precedes the third of 
the moon, the greateft tide will precede the third lunar hour, 
and that by the ^greateft interval a little after the oCtants of 
the moon; and by like intervals the greateft tide will follow 
the third lunar hour, while the moon is paffing ftom the qua* 
dratures to the fyzygies. 

But the effeCis of the luminaries depend upon their diftances 
from the earth; for when they are 4efs diftant their effeCts 
are greater, and when more diftant their effeCts are lefs, and 
that in the triplicate proportion of their apparent diameters. 
Therefore it is that the fun in the winter time, being then 
in its perigee, has a greater effeCfc, and makes the tides in the 
fyzygies fomethihg greater, and thole in the quadratures 
fomething pdrtbus, than in the fummer feafon ; 
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infl every month r the : Inidoli, 1 while in the perigee, raiftth 
greater tides than at the diftarice of 15 days before or after, 
when it is in its apoge£. Whence it comes topafs that two 
higheft tides do hot follow one the’ other in two immediately 
fueceeding fyzygies. ' •* 

The effect of either hrmitiUrydoth likewife depend upon its 
declination or diftance from the equator; for if the luminary 
was placed at the pole,' it would conllantly attrail all the 
parts of the waters, without any intenfion or remiffion of its 
action, and could caufe' no reciprocation of motion ; and, 
therefore, as the luminaries decline from the equator to* 
Wards either pole, they will by degrees lofe their force, and 
Oil this" account will excite leflei* tides in the folftitial than 
in the ^quino<Sial fyzygies. But in the folftitial quadratures 
they Will Vaife greater tides than in the quadratures about the 
equinoxes; becaufe the effedl of the moon, then fituated id 
the equator, moft exceeds the effeift of the fun ; therefore the 
greateft tides fall out in thole fyzygies, and the leaft in thofe 
quadratures, which happen about the time of both equinoxes; 
and the greateft tide in the fyzygies is always fucceeded by 
the leaft tide in the quadratures, as we find by experience. But 
becaufe the ftm is Ifcfs diftant from the earth in winter than 
in fummer, it comes t6 pafs that the greateft and leaft tides 
more frequently appear before than after the vernal equinox, 
end more frequently after than before the autumnal. 
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Moreover, tbe effeds of the luminaries depend upon the 
latitudes of places. Let ApEP reprefen t the earth ou 
all tides covered with deep waters; C its centre ; P, p, its 
poles; AE the equator; F any place without the equator; 

Ff the parallel of the place; Dd the correfpondent pa* 
rallel on the other fide of the equator; L the place 
which the moon poiTefied three hours before; H the 
place of the earth dire&ly under it; h tbe oppofite place ; K, i 
k, tbe places at 90 degrees diftance; CH, Ch, the greateft 
heights of the fea from the centre of the earth ; and CK, 

Ck, the lead heights : and if with the axes Hh, Kk, an ellip* 
fis is defcribed, and by tbe revolution of that ellipfis about its 
longer axis Hh a fpheroid HPKhpk is formed, this fphe* 
roid will nearly reprefent the figure of the fea ; and CF, Cf, 

CD, Cd, will reprefent the fea in the places F, f, D, d. But 
farther ; if in the faid revolution of the ellipfis any point N 
defcribes the circle NM, cutting the parallels Ff, Dd, in any 
places R, T, and the equator AE in S, CN will reprefent the 
height of the fea in all thofe places R, S, T, fituated in this 
circle. Wherefore in the diurnal revolution of any place F 
the greateft flood will be in F, at the third hour after the 
appulfe of the moon to the meridian above the horizon; and 
afterwards the greateft ebb in Q, at tbe third hour after the 
fetting of tbe moon ; and then the greateft flood in f, at the 
third hour after the appulfe of the moon to the meridian under 
thehorizon; and, laftly, the greateft ebb in Q, at the third hour 
after the riling of the moon ; and the latter flood in f will be 
left than the preceding flood in F. For the whole fea is . 
divided into two huge and hemifpherical floods, one in the 
hemifphere KHkC on the north fide, the other in the oppofite 
hemifphere KHkC, which we may therefore call the northern 
and the foutbem floods: thefe floods, being always oppofite 
the one to tbe other, come by turns to the meridians of all 
places after the interval of twelve lunar hours; and, feeing 1 
the northern countries partake more of the northern flood, 
and the fouthem countries more of the foulhem flood, thence 
arife tides alternately greater and left in all places with* 
out the eqoatorin which the luminaries rife and fet. But the 
greater tide will happen when the moon declines towards th« 
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vertex of the place, about the third hour after the appulfe of 
the moon to the meridian above the horizon ; and when the 
moon changes its declination, that which was the greater tide 
will be changed into a lefler; and the greateft difference of the 
floods will fall out about the times of the folftices, efpecially 
if the afcending Bode of the moon is about the firft of Aries, 
So the morning tides in winter exceed thofe of tbe 
evening, and the evening tides exceed thofe of the morn- 
ing in ihmmer; at Plymouth by tbe height of one foot, 
hut at Btiflol by the height of 15 inches, according to tbe 
observations of Co/epreft and Sturmy. 

But the motions which we have been describing Suffer fome 
alteration from that force of reciprocation which the waters 
(haring once received] retain a little while by their vis infita ; 
whence it comes to pals that the tides may continue for fome 
time, though the a&kms of the luminaries fhould ceafe. 
This power of retaining the impreffed motion leflens the 
difference of the alternate tides, and makes thofe tides which 
immediately Succeed after the fyzygies greater, and thofe 
which follow next after the quadratures lefe. And hence it 
is that the alternate tides at Plymouth and Briftol do not 
differ much more one from the other than by the height of 
a foot, or of 15 inches ; and that the greateft tides of all at 
thofe ports are not tbe firft but the third after the fyzygies. 

And, befides, all the motions are retarded in their paffage 
through (hallow channels, fb that the greateft tides of all, 
in fome ftraits and mouths of rivers, are the fourth, or even 
the fifth, after the fyzygies. 

It may alfo happen that the greateft tide may be the 
fourth or fifth after the fyzygies, or fell out yet later, becaufe 
the motions of the fea are retarded in paffing through (hal- 
low places towards the (bores ; for fo the tide arrives at the 
weftern coaft of Ireland at the third lunar hour, and an hour 
or two after at the ports in the Southern coaft of tbe fame 
ifland ; as alfo at the iflands Caffiterides, commonly Sortings ; 
then fucceffively at Falmouth, Plymouth, Portland, tbe ide 
of Wight, Winehefter, Dover, the mouth of the Thames, and 
London Bridge, Spending twelve hours in this paffage. But 
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farther; the propagation of the^ddes may be iqbAfti&ed even 
by the ebafefiidsJ of ithle ocean ifcfeif, when tbfey :aflf©< not of 
depth enough ; forthei flood happens at the third lunar hour 
in 5 the Canary iflands ;• and atalbthofe wefterh coafts that lie 
towards the Atlantic Ocean, as of Ireland, France? $pmn, &Q& 
all Africa, to the 5 Cape of GoodiHbpe, except in fomfijihalloUr 
places, where it is impeded^. and falls oat later ftand in the 
ftraits of Gibraltar, where, by ieafpn of a mot&ohnpropagated 
from the mediterranean Tea!,; itflows fooner. mSuil, p&lfing 
from' thofe coafts oveir the breadth of* the bceed ttnttte coaft* 
of America , the flood arrives at the moft eaftarnftiones of 
JBVaJil, about the>*fdurth‘br fifth lunar henr y then at 4 the 
mouth of the ri*er of the Amazons at the iVxfch*honr, font at 
the neighbOuringi iflirnds Ut the fourth hout ; i afterwards &t 
the Wlarids of B&rffiadas at> the fe vie nth hodr,and/ at port St. 
Ahgttjlm : tti l Florida at » leven > and a haff. Audi therefore the 
tide i9 propagated 5 through the ocean with auflower motion 
ttian it (hould be according to the courfe of the moon ; and 
this retardation is very neceflary, that the fea at the fame 
time may fall between lirafil and New France, and ' rife at the 
Canary iflands, and on the cdafts of Europe and* Africa, and 
vice verfa : for the fea cap not rife in one place but by fall- 
ing in another. And it is probable that the Pacific, fea it 
agitated by the fame laws; for ‘in the coafts of Ckifi and 
Peru the higheft flood is faid to happen at the third Ittoar 
hdur. But with what velocity'll is* thence propagated to the 
eafiern coafts of Japan,- the Philippine and other iflands ad- 
jacent to China, I have not yet learned; 

Farther; it may* happen (p. 204) that the tide may be 
propagated from the ocean through different channel* 
towards the fame port, and may pafs quicker through fame 
channels than through others, in which cafe the feme tide, 
divided into two or morefucceeding one ariothefy may com* 
pound new rtiotidnfc of different kinds. Let m fuppofe one 
tide to be divided into two equal tides, the former whereof 
precedes the othefr the fpace of fik hours, and bappens at 
the third or twenty-feventh hour from the appulfe of the moom 
% o the meridian of the port. If the znoon:at tbe time of this 
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appolfe to thfc mdridianwus krthe equator, every fix hours al^ 
ternately there would arife equal floods which, meeting with 
as many equal e&fesj would 1 fo balance one the other, that, for 
that day, the water would ftagnate, and remain quiet. If the 
moon then declined from the equator, the tides* m the ocean 
would 'be alternately greater and lefs,a* was faid ; and from 
hgtfcO two greater and two leffer tides would be alternately 
propagated towards that port. Bqt the two greater floods 
Would make the greateft height of the waters to fall out in the 
middle time betwixt both, and the greater and leffer floods 
Would make the waters to rife to a mean height in the mid-* 
die tinte between them ; and’ in the middle time between the 
two’ 1 leffer floods the Waters would rife to their leaft height. 
Thus In the fpacC of twenty hours the waters would come, 
iiot twice, but once Only to their greateft, and once only to 
thfe'ir deaft height; and their greateft height, if the moon de-r 
dined towards the elevated pole, would happen attbefixtb 
of thirtieth hour after the appulfe of the moon to the merii- 
dian ; and when the moon chariged its declination, this flood 
would be changed into an ebb. 

Of all which we have an example in the port of Butjham , 
m the kingdom of Tunquin, in the latitude of 20° 50' north. 
In that port, on the day which follows after the pafiagc of the 
moon over the equator, the waters ftagnate ; when the inoon 
declines to the north, they begin to flow and ebb, not twice, 
as in other ports, but once only every day ; and the flood 
happens at the letting, and the greateft ebb at the riling of 
the moon. This tide increafeth with the declination of the 
moon till the feventh or eighth day ; then for the feventh or 
eighth day following it decreafeth at the fame rate as it had in* 
creafed before, and^ceafeth when the moon changeth its de- 
clination. After* which the flood is immediately changed 
into an ebb; and thenceford^tbe ebb happens at the fetting 
and the flood at the riling oFWie moon, till the moon again 
changes its declination. There are two inlets from the ocean 
to this port ; one more dire6t and Ihort between the illand 
Hainan and the coaft of Quantung, a province of China ; the 
other round* about between the fame illand and the coaft of 
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Cochm; and through the fhorter paflbge the tide is fooner 
propagated to Baf/ham • 

In the channel* of rivers the inflnx and reflux depends 
upon the current of the rivers, which obftrudts the ingrefs of 
the waters from the fea, mid promotes their egrefs to the fea, 
making the ingrefs later and flower, and the egrefe fooner 
and fafter ; and hence it is that the reflux is of longer do* 
ration than the influx, efpecially for up the rivers, where the 
forceof thefeaislefs. So Sturmy tells us, that ip the river 
three miles below Briftol, the water flows only five hours, but 
ebbs feven ; and without doubt the difference is yet greater 
above Briftol, as &tCareJham or the Bath. This difference doe* 
likewife depend upon the quantity of the flux and reflux; 
for the more yehement motion of the fea near the fyzygies 
of the luminaries more eafily overcoming tbe refifiance of the 
rivers, will make the ingrefs of the water to happen fooner and 
to continue longer, and will therefore diminifh this difference. 
But while the moon is approaching to the fyzygies, the riven 
will be more plentifully filled, their currents being obftrudted 
by the greatnefs of the tides, and therefore will fometbiog 
more retard the reflux of the fea a little after than a little be- 
fore the fyzygies. Upon which account the floweft tides of all 
will not happen in the fyzygies, but prevent them a little; 
and f obferved above that the tides before the fyzygies were 
alfo retarded by the force of the fun ; and from both caufes 
conjoined the retardation of the tides will be both greater and 
fooner before the fyzygies. All which l find to be fo, by the 
ride-tables which Flttmfted has oempofed from a great many 
obforvations. 

By the laws we have been defcribing, the times of the 
rides are governed ; bat the greatnefs gf the rides depend* 
upon the greatnefs of the feus. let C reprefent the centre 
of the earth, EADB the ovafJwure'of the feas, CA the Ion* 
ger femi-axis of this oval, Csthe fhorter infilling at right 
angles upon the former, D the middle point between A and 
B, and ECF or eCf the angle at tbe centre of the earth, fob* 
tended by the breadth of the fea that terminates in the ihores 
E> F, or e, f, Now, fuppofing that the point A is in the mid* 
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die between the points E, F, and the point D in the middle 
between the points e, f, if the difference of the heights CA, 
CB, reprefent the quantity of the tide in a very deep fea fur- 
rounding the whole earth, the excefs of the height CA above 
the height CE or CF will reprefent the quantity of the tide 
in the middle of the fea EF, terminated by the ihores E, F ; 
and the excefs of the height Ce above the height Cf will 
nearly reprefent the quantity of the tide on the Ihores f of the 
fame fea. Whence it appears that the tides are far lefs in 
the middle of the fea than at the ihores; and that the 
tides at the ihores are nearly as EF (p. 243, 244), the 
breadth of the fea not exceeding a quadrantal arc. And 
hence it is that near the equator, where the fea between 
Africa and America is narrow, the tides are far lefs than to- 
wards either fide in the temperate zones/ where the feas are 
extended wider; or on almoft all the ihores of the Pacific fea, 
as well towards America as towards China , and within as well 
as without the tropics ; and that in iilands in the middle 
of the fea they fcarcely rife higher than two or three feet, 
but on the ihores of great continents are three or four times 
greater, and above, efpecially if the motions propagated from 
the ocean are by degrees contracted into a narrow fpace, and 
the water* to fill and empty the bays alternately, is forced to 
flow and ebb with great violence through iballow places ; as 
Plymouth and Chepfiow Bridge in England, at the mount of 
St. Michael and town of Avranches in Normandy, and at 
Cambaia and Pegu in the JEq/f Indies. In which places, the 
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fea, hurried in and out with great violence, fometiraes lays the 
{hores under water, fometiraes leaves thfem dry, for many 
miles. Nor is the force of the influx and Afflux to be broke 
till it has raifed'or depreffed the water to forty or fifty feet and 
more. Thus alfo long and (hallow (traits that open to the 
fea with mouths wider and deeper than the reft of their chan- 
nel (fuch as thofe about Britain, and the Magellanic Strait* 
at the eaftem entry) will have a greater flood and ebb, or 
will more intend and remit their courfe, and therefore will 
rife higher and be v depreffed lower. On the coaft of South 
America it is faid that the Pacific fea in its reflux fometimes 
retreats two miles, and gets out of fight of thofe that ftand on 
fhore. Whence in theft places the floods will be alfo higher ; 
but in deeper waters the velocity of influx and efflux is always 
lefs, and therefore , the afcent and.defcentjs fo. tob. Nor in 
fuch places is the ocean known to afteud)to more' than fik, 
eight, or ten feet. The quantity of the afcent I Compute in 
the following manner. 

LetS reprefent the fun, T the earth (p. 205, 206), Pthe 
moon, PAGB the moon’s orbit. In SP take SK/ equal to ST 



and SL to SK in the duplicate ratio of SK to SP. Parallel 
to PT draw LM ; and, fuppofing the mean quantity of the 
circum-lblar force directed towards the earth to be reprefent- 
ed by the diftance ST or SK, SL will reprefent the quantity 
thereof directed towards the moon. But that force is com* 
pbunded of the parts SM, LM ; of which the force LM, and 
that part of SM which is Teprefented by TM, dodifturb the 
motion of the moon (as appears from prop. 66, and its corol- 
laries). In fo far as the earth and moon are revolved about 
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their common centre of gravity, the earth will be liable to the , 
a&ion of the like forces. But we may refer the fums as well 
of the forces as of the motions to' the moon, and reprefent the 
fums of the forces by the lines TM and ML, which are pro-* 
portional to them. The force LM, in its mean quantity, is 
to the force by which the moon may be revolved in an orbit, 
about the earth quiefcent, at the diflance PT in the duplicate 
ratio of the moon’s periodic time about the earth to the earth’s 
periodic time about the fun (by cor. 17* prop. 66) ; that is, 
in the duplicate ratio of 27 d .,7 h . 43' to 363 d . 6 h . 9', or as 1000 
to 178725, or 1 to 178H* The force by which the moon 
may be revolved in its orb about the earth in reft, at the dif- 
tance PT of 60f femi-diameters of the earth, is to the force 
by which it may revolve in the fame time at the diftance of 
60 femi-diametefs as 60§ to 60; and this force is to the force 
of gravity with us as l to 60 X 60 nearly; and therefore the 
inean force ML is to the force of gravity at the furface of the 
earth as l x 60 ^ to 60 X 60 X 178U, or 1 -to 638092,6. 
Whence the force TM will he alfo given from the propor- 
tion Of the lines TM, ML. And thefe are the forces of the 
fun, by which the moon’s motions are difturbed. 

If fr6m the moon’s orbit (p. 240) we defcend to the earth’s 
furface, thofe forces will be diminilhed in the ratio of the dif- 
tances 60f and 1 ; and therefore the force LM will then be- 
come 38604600 times lefs than the force of gravity. But 
this' force a<$ting equally every where upon the earth, will 
fcarcely effe£l any change on the motion of the fea, and 
therefore may be negle&ed in the explication of that motion. 
The other force TM, in places where the fun is vertical, or in 
their nadir, is triple the quantity of the force ML, and there-* 
fore but 12868200 times lefs than the force of gravity. 

' Suppofe now ADBE to reprefent the fpherical furface of 
the earth, aDbE the furface of the water overfpreading it, 
C the centre of both, A the place to which the fun is vertical, 
the place oppofite ; D, E, places at 90 degrees diftance 
from the former; ACEmlk aright angled cylindric canal pair- 
ing through the earth’s centre. The force TM in any place 
is us the diftance of the place from the plane DE, on which 
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a line from A to C infills at right angles, and therefore in the 
part of the canal which is reprefented by EClm is of no quan- 
tity, but in the other part AClk is as the gravity at the feveral 
heights; for in descending towards the centre of the earth* 
gravity is (by prop. 73) every where as the height ; and there- 
fore the force TM drawing the water upwards will diminilh 
its gravity in the leg AClk of the canal in a given ratio : tip- 
on which account the water will afcend in this leg* till its 
defeat of gravity is Supplied by its greater height ; nor will 
it reft in an equilibrium till its total gravity becomes 
equal to the total gravity in EClm, the other leg of the 
canal, Becaufe the gravity of every particle is as its 
diftance from the earth’s centre, the weight of the whole 
water in either leg will increafe in the duplicate ratio of the 
height ; and therefore the height of the water in the leg 
AClk will be to the height thereof in the leg ClmE in the 
fubduplicate ratio of the number 12868201 to 12868200* or 
in the ratio of the number 25623053 to the number 25623052* 
and the height of the water in the leg EClm to the difference 
of the heights, as 25623052 to 1. But the height in the leg 
EClm is of 19615800 Paris feet, as has been lately found by 
the menfuration of the French; and, therefore, by the preced- 
ing analogy, the difference of the heights comes out inches 
of the Paris foot ; and the fun’s force will matfe the height 
of the fea at A to exceed the height of the fame at E by Q 
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inches. And though the water of the canal ACEmlk be fup- 
pofed to be frozen into a hard and folid confidence, yet the 
heights thereof at A and E, and all other intermediate 
places, would ftill remain the fame. 

Let Aa (in the following figure) reprefent that excefs of 
height of 9 inches at A, and hf the excefs of- height at any 
other place h ; and upon DC let fall the perpendicular fG, 
meeting the globe of the earth in F ; and becaufe the difiance 
of the fun is fo great that all the right lines drawn thereto 
may be confidered as parallel, the force TM in any place f 
will be to the fame force in the place A as the fine FG to 
the radius AC. And, therefore, fioce thofe forces tend to the 
lun in the direction of parallel lines, they will generate the 



parallel heights Ff, Aa, in the fame ratio ; and therefore the 
figure of the water Dfaeb will be a fpheroid made by the re* 
volution of an ellipfis about its longer axis ab. And the per* 
pendicular height fh will be to the oblique height Ff as fG to 
fC, or as FG to AC : and therefore the height fh is to the 
height Aa in the duplicate ratio of FG to AC, that is, in the 
ratio* of the verfed fine of double the angle DCf to double' 
the radius, and is thence given. And hence to the feveral 
moments of the apparent revolution of the fun about the 
earth we may infer the proportion of the afcent and defeent 
of the waters at any given place under the equator, as well aa 
of the diminution of that afcent and defeent, whether arifing 
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from the latitude of places or from the fan*s declination ; 
viz. that on account of the latitude of places, the afcent 
and defcent of the fea is in all places diminiflied in the dupli- 
cate ratio of the confines of latitude ; and on account of the fun’* 
declination, the afcent and defcent under the equator is ditni- 
niftied in the duplicate ratio of the co-line of declination. 
And in places without the equator the half fum of the morn-* 
ing and evening afcents (that is, the mean afcent) is dfminiflied 
nearly in the fame ratio. 

* Let S and L refpeCtively reprefent the forces of the fun and 
moon placed in the equator, and at their mean diftatofees from 
the earth ; R the radius ; T and V the verfed lines of double 
the complements of the fun and moon’s declinations to any 
given time ; D and E the mean apparent diameters of the 
fun and moon : and, fuppofing F and G to be their apparent 
diameters to that given time, their forces to raife the tides un- 

VG 3 TF 3 

der the equator will be, in the fyzygies, -gg - L + *** 

VG* TP 

in the quadratures, - gg - L — j-gg- S. And if the fame 


ratio is likewife obferved under the parallels, from observa- 
tions accurately made in our northern climates we may de- 
termine the proportion of the forces L and S ; and then by 
means of this rule predial the quantities of the tides to every 
fyzygy and quadrature. 

At the mouth of the river Avon , three miles below Brijtol 
(p.241,242,243,244), in fpring and autumn, the whole afcent 
©f the water in the conjunction or oppolition of the lumina- 
ries (by the obfervation of Sturmy) is about 45 feet, but in 
the quadratures only 25. Becaufe the apparent diameters of 
the luminaries are not here determined, let us affume them in 
their meap quantities, as well as the moon’s declination In 
the equinoCtial quadratures in its mean quantity, that fa, 
®S|°; and the verfed line of double its complement wiH bfc 
1682, fuppofing the radius to be 1000; But the -declination* 
©f the fun in the equinoxes and of the moon in the' fy^gie* 
hre of no quantity, and the verfed fines of double the' Corn jrte- 
a&ents are each 2000. Whence thofe forces become L + S 
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in the lyzygies, and 


* 682 ! y - 
2000 -v 



4<j quadratures, refpec- 


tiv^ly proportional tathe heights ofitfee tides of 45 and 25 feet, 
or of 9 and 5 paces. And, therefore, multiplying the extremes 


'I5k3fr 


and the means, we ‘have, 5L + 5Sjf = — L — 9S^ or L* 

_ 29000 <• - •» • . *•» ■ 

5158 ' ' OTT ' ' ' J 4 ^ r 

But farther; I tfemoml&r to havfe been told, that in fum- 
metthe afcedt of thefeadh the fyzygifeS i* to the afcent there- 
of in the quadratures as about 5 to 4. In’ the folftices them* 
ftlves it is ' probable that^tfie proportion may be fomething 
lefs, ks abdut 6 to 5 ; i1 Whence it would follow that L is 


5|S [for then the proportion is 


1682 

2000 


L; + 


1082 ( 

2000 ' 


S: L 


163$ 


2000 


S : : 6 : 5] ’ Till we ean more certainly determine the pro- 
portion from obfarVaiian, let us affume L = 5jS; and finee 
the heights of the tides are as the forces which excite them, 
and the force of the fun is able to raife the tides to the height 
of nine" inches, the moon’s force will be fufficient to raife the 
fame to the height of foiir feet. And if we allow that this 
height may be doubled, or perhaps tripled, by that force of 
reciprocation which we obferve in the motion of the Waters, 
and by Which their motion once begun is kept uptfw fame 
time, there will be force enough to generate all that quantity 
of tides which we really find in the oeean. 

Thus wehavofeett that thefe forces* are fufficient to move 
the fea. But,fo farasl can obferve, they will not be able 
to produce ahy other effedl fenfible on our earth ; for fince 
the weight of one grain in 4000 is not fenfible in the niceft 
balance ; and the fun’s fierce to move the tides is 12868200 
Jefs than the force of gravity ; and the fum of the forces of 
both moon and fun, exceeding the fun’s force only in the ra± 
tio of 6j-to 1, is fHll 2032890 times lefs than the force of 
gravity ; it is evident that both forces together are 500 times 
lefs than what is required fenfibly to increafe or dhninilh the 
weight of any body in 'a balance. And, ’therefore* they will 
not fenfibly move any fufpended body ; nor will they pro- 
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duce any fenfible efle& on pendulums, barometers, bodies 
fwimming in ftagnant water, or in the like ftaticai experi- 
ments. In the atmofphere, indeed, they will excite fuch a 
flux and reflux as they do in the fea, but with fo (inall a mo- 
tion that no fenfible wind will be thence produced. 

If the effe&s of both moon and fan in railing the tides 
(p. $45), as well as their apparent diameters, were equal 
among themfelves, their abfolute forces would (by cor. 14, 
prop. 66) be as their magnitudes. But the efle& of the moon 
is to the effect of the fun as about 5} to 1 ; and the moon’s 
diameter left than the fun’s in the ratio of Slf to 3$$, or of 
45 to 46. Now the force of the moon is to be iacreafed in 
the ratio of the effe& dire&ly, and in the triplicate ratio 
of the diameter inverfely. Whence the force of the 
moon compared with its magnitude will be to the force of 
the fun compared with its magnitude in the ratio compound- 
ed of 5$ to 1, and the triplicate of 45 to 46 inverfely, that is, 
in the ratio of about 5fa to 1. And therefore the moon, in 
refpe6t of the magnitude of its body, has an abfolute centri- 
petal force greater than the fun in refpe& of the magnitude 
of its body in the ratio of 5-fa to 1, and is therefore more 
denfe in the fame ratio. 

In the time of 97*. 7*. 43', in which the moon makes its 
revolution about the earth, a planet may be revolved about 
the fun at the difiance of 18,954 diameters of the fun from ' 
the fun's centre, fuppofing the mean apparent diameter of the 
fun to be 32^' ; and in the fame time the moon may be revolv- 
ed about the earth at reft, at the diftance of 30 of the earth’s 
diameters. If in both cafes the number of diameters was the 
fame, the abfolute circum-terreftrial force would (by cor. 2, 
prop. 79) be to the abfolute circum-folar force as the magni- 
tude of the earth to the magnitude of the fun. Becaufe the 
number of the earth’s diameters is greater in the ratio of SO to 
18,954, the body of tbe earth will be lefs in the triplicate of 
that ratio, that is, in the ratio of S^ftol. Wherefore the 
earth’s force, for the magnitude of its body, is to the fun’s 
force, for the magnitude of its body, as S|f to 1 ; and confe- 
quently the earth's denfity to the fun’s will be in tbe fame 
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ratio. Since, then, the moon’s denfity is to the fun’s deniity 
as 5 ^ to 1, the moon’s denfity will be to the earth’s denfity 
as 5^Vto 3§f, or as £3 to 16. Wherefore fince the moon’s 
magnitude is to the earth’s magnitude as about 1 to 41$, the 
moon’s abfolute centripetal force will be to the earth’s abfolute 
centripetal force as about 1. to £9> and the quantity of matter 
in the moon to the quantity of matter in the earth in the 
fame ratio. And Hence the common centre of gravity of the 
earth and moon is more exa&ly determined than hitherto has 
been done ; from the knowledge of which we may now infer 
the moon’s diftance from the earth with greater accuracy. 
But I would rather wait till the proportion of the bodies of the 
moon and earth one to the other is more exa&ly defined from 
the phenomena of the tides, hoping that in the mean time 
the circumference of the earth may be meafured from more 
diftant ftations than any body has yet employed for this 
purpofe. 

Thus I have given an account of the fyftem of the planets. 
As to the fixed ftars, the fmallnefs of their annual parallax 
proves them to be removed to inamenfe diftances from the 
fyftem of the planets: that this parallax is lefs than one mi- 
nute is mod certain ; and from tbeqce it follows that the dift- 
ance of the fixed ftars is above S60 times greater than the 
diftance of Saturn from the fun. Such as reckon the earth 
one of the planets, and the fpn one of the fixed ftars, may 
remove the fixed ftars to yet greater diftances by the following 
arguments ; from the annual motion of the earth there would 
happen an apparent tranfpofition of the fixed ftars, one in 
refpedl of another, almoft equal to their double parallax ; but 
the greater and nearer ftars, in refpedl of the more remote, 
which are only feen by the telefcope, have not hitherto been 
obferved to. have the lead motion. If we ftiould fuppofe that 
motion to be but lefs than £0", the diftance of the nearer 
fixed ftars would exceed the mean diftance of Saturn by above 
£000 times. Again ; the difk of Saturn, which is only 17" or 

18" in diameter, receives but about ■■■ — of the fun’s 

2100000000 

light ; for fo much lefs is that dific than the whole fpherical 
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furface of the orb of Saturn. Now if we fuppofe Saturn to 

re fle6l about £ of this light, the whole light reflected from its 

illuminated hemifphere will be about 42 QQ( ^q^ of the whole 

light emitted from the fun’s hemifphere; and, therefore, li nee 
light is rarefied in the duplicate ratio of the diftance from the 

luminous body, if the fun was 10000\/ 42 times more diftant 
than Saturn, it would yet appear as lucid as Saturn now does 
without its ring, that is, fomething more lucid than a fixed 
flar of the firlt magnitude. Let us, therefore, fuppofe that 
the diftance from which the fun would Ihine as a fixed ftar ex- 
ceeds that of Saturn by about 100,000 times, and its appa- 
rent diameter will be 7 V . l6 vi . and its parallax arifing from the 
annual motion of the earth 13"" : and fo great will be the 
diftance, the apparent diameter, and the parallax of the fixed 
liars of the firft magnitude, in bulk and light equal to our fun. 
Some may, perhaps, imagine that a great part of the light of 
the fixed ftars is intercepted and loft in its paffage through fo 
vaft fpaces, and upon that account pretend to place the fixed 
ftars at nearer diftances; but at this rale the remoter liars 
could be fcarcely feen. Suppofe, for example, that J of the 
]ight peiylh in its paffage from the neareft fixed ftars to us ; 
then i will twice perilh in its paffage through a double fpace, 
thrice through a triple, and fo forth. Arid, therefore, the 
fixed ftars that are at a double diftance will be 16 times more 
obfeure, viz. 4 times more obfeure on account of the dimi- 
nilhed apparent diameter; and, again, 4 times more on ac- 
count of the loft light. And, by the fame argument, the 
fixed ftars at a triple diftance will be 9 X 4 X 4, or 144 times 
more obfeure ; and thofe at a quadruple diftance will be 
16 X 4 X 4 X 4, or 1024 times more obfeure; but fo great 
a diminution of lighit is no ways confiftent with the pheno- 
mena and with that hypothefis which places the fixed ftars at 
different diftances. 

The fixed ftars being, therefore, atfuch vaft diftances from 
one another (p. 254, 255), can neither attra& each other fen- 
fibly, nor be attracted by our fun. But the comets mull un- 
avoidably be afted on by the circum-folar force; for as the 
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comets were placed by aftronomers above the moon, becaufe 
they were found to have no diurnal parallax, fo their annual 
parallax is a convincing proof of their descending into the re- 
gions of the planets. For all the comets which move in a di- 
rect cpurfe, according to the order of the figns, about the end 
of their appearance become Ynore than ordinarily flow, or re* 
trograde, if the earth is between them and the fun; and more 
than ordinarily fwift if the <earth is approaching to a helio- 
centric oppofition with them. Whereas, on the other hand, 
thofe which move againft the order of the figns, towards the 
end of their appearance, appear fwifter than they ought to be 
if the earth is between them and the fun ; and flower, and 
perhaps retrograde, if the earth is in the other fide of its orbit. 
This is occafioned by the motion of the earth in different 
fituations. If the earth go the fame way with the comet, 
with a fwifter motion, the comet becomes retrograde ; if with, 
a flower motion, the comet becomes flower however; and if 
the earth move the contrary way, it becomes fwifter ; and by 
collecting the differences between the flower and fwifter mo- 
tions, and the fums of the more fwift and retrograde motions, 
and comparing them with the fituation and motion of the 
earth from whence they arife, I found, by means of this pa- 
rallax, that the difiances of the comets at the time they ceafe 
to be vifible to the naked eye are always lefs than the difiance 
of Saturn, and generally even Jefe than the diftance of Ju- 
piter. 

The fame thing may be collected from the curvature of the 
way of the comets (p. £56). Thefe bodies go on nearly in 
great circles While their motion continued fwift ; but about 
the end of their courfe, when that part of their apparent mo*- 
tion which arifes from the parallax bears a greater proport- 
tion to their whole apparent motion, they commonly deviate 
from thofe circles ; and when the earth goes to one fide, they 
deviate to the other ; and this defieCtion, becaufe of its cor- 
refponding with the motion of the earth, muft arife chiefly 
from the parallax ; and the quantity thereof is fo confiderable, 
98 , by my computation, to place the difappearing comets & 
good deal lower than Jupiter. Whence it follows* that, when 
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they approach nearer to us in their perigees and perihelion*, 
they often defcend below the orbits of Mars and the inferior 
planets. 

Moreover, this nearnefs of the comets is confirmed by the 
annual parallax of the orbit, in fo far as the fame is pretty 
nearly colle&ed by the fuppofition that the comets move uni- 
formly in right lines. The method of colle&ing the diftance 
of a comet according to this hypothefis from four obfervations 
(firft attempted by Kepler , and perfected by Dr. Wallis and 
Sir Chrijlopher Wren) is well known; and the comets re- 
duced to this regularity generally pafs through the middle 
of the planetary region. So the comets of the years 1607 and 
1618, as their motions are defined by Kepler , paffed between 
the fun and the earth ; that of the year 1664 below the orbit 
of Mars; and that in 1680 below the orbit of Mercury, as its 
motion was defined by Sir Chrijlopher Wren and others. By 
a like rectilinear hypothefis, Hevelius placed all the comets 
about which we have any obfervations below the orbit of Ju- 
piter. It is a falfe notion, therefore, and contrary to aftro- 
pomical calculation, which fome have entertained, who, from 
the regular motion of the comets, either remove them into 
the regions of the fixed liars, or deny the motion of the earth ; 
Whereas their motions cannot be reduced to perfect regularity, 
tinlefs we fuppofe them to pafs through the regions near the 
earth in motion; and thefe are the arguments drawn from 
the parallax, fo far as it can be determined without an exa& 
knowledge ot the orbits and motions of the comets. 

, The near approach of the comets is farther confirmed from 
the light of their heads (p. 257 to 260) ; for the light of a ce- 
leftial body, illuminated by the fun, and receding to remote 
parts, is dhninilhed in the quadruplicate proportion of the 
diftance; to wit, in one duplicate proportion on account of 
the increafe of the diftance from the fun ; and in another du- 
plicate proportion on account of the decreafe of the apparent 
diameter; Hence it may be inferred, that Saturn being at a 
double diftance, and having its apparent diameter nearly half 
of that of Jupiter, mull appear about 16 times more obfcure ; 
and that, if its diftance were 4 times greater, its light would 
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be 256 times lefs ; and therefore would be hardly perceivable 
to the naked eye. But now the comets often equal Saturn’s 
light, without exceeding him in their apparent diameters. So 
the comet of the year 1668, according to Dr. Hooke's obser- 
vations, equalled in brightnefs the light of a fixed liar of the 
firft magnitude ; and its head, or the ftar in the middle of the 
coma, appeared, through a telefcope of 15 feet, as lucid as Sa- 
turn near the horizon ; but the diameter of the head was only 
25" ; that is, almoft the fame with the diameter of a circle 
equal to Saturn and his ring. The coma or hair furrounding 
the head was about ten times as broad ; namely, 4f min. 
Again; the leaft diameter of the hair of the comet of the year 
1682, obferved by Mr. Flamjled with a tube of 16 feet, and 
meafured with the micrometer, was 2' 0" ; but the nucleus, 
or ftar in the middle, Scarcely poffeffed the tenth part of this 
breadth, and was therefore only 1 J" or 12" broad ; but the 
light and clearnefs of its head exceeded that of the year 1680, 
and was equal to that of the ftars of the firft or fecond mag- 
nitude. Moreover, the comet of the year 1665, in April , as 
Hevelius informs us, exceeded almoft all the fixed ftars in 
fplendor, and even Saturn itfelf, as being of a much more 
vivid colour; for this comet was more lucid than that which 
appeared at the end of the foregoing year, and was compared 
to the ftars of the firft magnitude. The diameter of the coma 
was about & ; but the nucleus, compared with the planets by 
means of a telefcope, was plainly lefs than Jupiter, and was 
fometimes thought lefs, fometimes equal to the body of Sa- 
turn within the ring. To this breadth add that of the ring, 
and the whole face of Saturn will be twice as great as that of 
the comet, with a light not at all more intenfe; and there- 
fore the comet was nearer to the fun than Saturn. From the 
proportion of the nucleus to the whole head found by thefe 
obfervations, and from its breadth, which feldom exceeds 8' 
or 12', it appears that the ftars of the comets are mod com- 
monly of the fame apparent magnitude as the planets ; but 
that their light may be compared oftentimes with that of Sa- 
turn, and fometimes exceeds it. And hence it is certain that 
in their perihelia their diftances can fcarcely be greater than 
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that of Saturn. -At twice that diftance, the light would be 
four times lefs, which befides by its dim palenefs would be as 
much inferior to the light of Saturn as the light of Saturn is 
to the fplendor of Jupiter: but this difference would be eafily 
obferved. At a diftance ten times greater, their bodies muft 
be greater than that of the fun ; but their light would be 100 
times fainter than that of Saturn. And at diftances ftill 
greater, their bodies would far exceed the fun ; but, being in 
fuch dark regions, they muft be no longer vifible. So impof- 
fible is it tp place the comets in the middle regions between 
the fun and fixed ftars, accounting the fun as one of the fixed 
ftars ; for certainly they would receive no more light there 
from the fun than we do from the greateft of the fixed 
ftars. 

So far we have gone without confidering that obfcuration 
which comets fuffer from that plenty of thick fmoke which en- 
compaffeth their heads, and through which the heads always 
(hew dull as through a cloud ; for by how much the more a 
body is obfcured by this fmoke, by fo much the more near it 
muft be allowed to come to the fun, that it may vie with the 
planets in the quantity of light which it v refle&s ; whence 
it is probable that the comets defcend far below the orbit of 
Saturn, as we proved before from their parallax. But, above 
all, the thing is evinced from their tails, which muft be owing 
either to the fun’s light refle6led from a fmoke arifing from 
them, and difperfing itfelf through the aether, or to the light 
of their own heads. 

In the former cafe we muft fliorten the diftance of the co- 
mets, left we be obliged to allow that the fmoke arifing. from 
their heads is propagated through fuch a vaft extent of fpace, 
and with fuch a velocity of expanfion, as will feem altogether 
. incredible ; in the latter cafe the whole light of both head and 
tail muft be afcribed to the central nucleus. But, then, if 
we fuppofe all this light to be united and condenfed within 
the dilk of the nucleus, certainly the nucleus will by far ex- 
ceed Jupiter itfelf in fplendor, efpecially when it emits a very 
large and lucid tail. If, therefore, under a lefs apparent dia- 
meter, it refle&s more light, it muft be much more illuminated 
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by the lun, and therefore much nearer to it. So the comet 
that appeared Dec . 12 and 15, O.S. Anno l679> at the time 
it emitted.a very (hining tail, whofe fplendor was equal to 
that of many ftars like Jupiter, if their light were dilated and 
fpread through fo great a fpace, was, as to the magnitude of its 
nucleus, lefs than Jupiter (as Mr. Flamjied obferved), and 
therefore was much nearer to the fun : nay, it was even lefs 
than Mercury. For on the 17th of that month, when it was 
nearer to the earth, it appeared to Cajfini through a telefcope 
of 3 5 feet a little lefs than the globe of Saturn. On the 8th 
of this month, in the morning. Dr. Halley faw the tail, ap- 
pearing broad and very Ihort, and as if it rofe from the body 
of the fun itfelf, at that time very near its riling. Its form 
was like that of an extraordinary bright cloud ; nor did it 
difappear till the fun itfelf began to be feen above the hori-. 
zon. Its fplendor, therefore, exceeded the light of the 
clouds till the fun rofe, and far furpaffed that of all the ftars 
together, as yielding only to the immediate brightnefs of the 
fun itfelf. Neither Mercury, nor Venus, nor the moon it- 
felf, are feen fo near the riling fun. Imagine all this dilated 
light colle&ed together, and to be crowded into the orbit 
of the comet’s nucleus which was lefs than Mercury ; by its 
fplendor, thus increafed, becoming fo much more conspicuous, 
it will vaftly exceed Mercury, and therefore muft be nearer 
to the fun. On the 12th and 15th of the fame month, this 
tail, extending itfelf over a much greater fpace, appeared 
more rare ; but its light was Hill fo vigorous as to become vw 
fible when the fixed ftars were hardly to be feen, and foon 
after to appear like a fiery beam Ihining in -a wonderful 
manner. From its length, which was 40 or 50 degrees, and 
its breadth of 2 degrees, we may compute what the light of 
the whole muft be. 

This near approach of the comets to the fun is confirmed 
from the fituation they are feen in when their tails ap 
pear moft refplendent; for when the head pafies by the 
fun, and lies hid under the folar rays, very bright and Ihin- 
ing tails, like fiery beams, are faid to iflue from the horizon ; 
but afterwards, when the head begins to appear, and is got foe* 
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ther from the fun, that fplendor always decreafes, and turns 
by degrees into a palenefs like to that of the milky way, but 
much more fenfible at firft ; after that vanilhing gradually. 
Such was that moil refplendent comet defcribed by Arifiotle , 
lib. 1. Meteor. 6. “ The head thereof could not be feen, 
becaufe it let before the fun, or at lead was hid under the 
fun’s rays; but the next day it was feen as well as might be ; 
for, having left the fun but a very little way, it fet immedi- 
ately after it ; and the fcattered light of the head obfcured 
by the too great fplendour (of the tail) did not yet appear. But 
afterwards (fays Arifiotle ), when the fplendour of the tail was 
now diminilhed, (the head of) the coupet recovered its native 
brightnefs. And the fpf ndour of its tail reached now to a 
third part of the heavens (that is, to 60 °). It appeared in 
the winter feafon, and, riling to Orion's girdle, there vanilh- 
ed away.” Two comets of the fame kind are defcribed by 
Jufiin , lib. 37, which, according to his account, “ Ihined fo 
bright, that the whole heaven leemed to be on fire ; and by 
their greatnefs filled up a fourth part of the heavens, and by 
their fplendour exceeded that of the fun.” By which laft 
words a near polition of tliefe bright comets and the riling 
or fetting fun is intimated (p. 296 , 297). We may add to 
thefe the comet of the year 1101 or 11 Of), “ the liar of 
which was fmall and obfcure (Jike that of 1680); but the 
fplendour arifing from it extremely bright, reaching like a 
fiery beam to the eall and north,” as Hevelius has it from 
Simeon , the monk of Durham . It appeared at the begin- 
ning of February about the evening in the fouth-weft. From 
this and from the lituation of the tail we may infer that the 
head was near the fun. Matthew Paris fays, “ it was about 
one cubit from the fun; from the third [or rather the 
fixth] to the ninth hour fending out a long ftream 
of light.” The comet of 1264, in July , or about the 
folftice, preceded the riling fun, fending out its beams with 
a great light towards the weft as far as the middle of the 
heavens ; and at the beginning it afcended a little above the 
horizon; but as the fun went forwards it retired every day 
farther from the horizon, till it paffed by the very middle of 
the heavens. It is laid to have been at the beginning large 
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and bright, having a large coma, which decayed from day to 
day. It is defcribed in Append . Matth . Parif. Hiji . Ang. 
after this manner : “ An. Chrijii 1265, there appeared a 
comet fo wonderful, that none then living had ever feen the 
like ; for, riling from the eaft with a great brightnefs, it ex- 
tended itielf with a great light as far as the middle of the 
hemifphere towards the weft.” The Latjn original being 
fomewhat barbarous and obfcure, it is here fubjoined. Ab 
oriente enim cum magno fulgore Jurgens, ufque ad medium 
htmijpharii verfus accident em, omnia perlucide pertrahebat. 

“ In the year 1401 or 1402, the fun being got below the 
horizon, there appeared in the weft a bright and (hining 
cornet, fending out a tail upwards, in fplendor like a flame of 
fire, and in form like a fpear, darting its rays from weft to 
eaft. When the fun was funk below the horizon, by the 
iuftre of its own rays it enlightened all the borders of the 
earth, not permitting the other ftars to (hew their light, or 
the (hades of night to darken the air, becaufe its light exceed- 
ed that of the others, and extended itfelf to the upper part 
of the heavens, flaming,” &c. Hift . Byzant. Due . Mich. Nepot . 
From the fituation of the tail of this comet, and the time of 
its firft appearance, we may infer that the head was then 
near the fun, and went farther from him every day ; for that 
comet continued three months. In the year 1527, Aug, 11, 
about four in the morning, there was feen almoft throughout 
Europe a terrible comet in Leo, which continued flaming an 
hour and a quarter every day. It rofe from the eaft, and 
afeended to the fouth and weft to a prodigious length. I t was 
mod confpicuous to the north, and its cloud (that is, its tail) 
was very terrible ; having, according to the fancies of the 
vulgar, the form of an arm a little bent holding a fword of a 
vaft magnitude. In the year 1618, in the end of November, 
there began a rumour, that there appeared about fun-riling 
a bright beam, which was the tail of a comet whofe head 
was yet concealed within the brightnefs of the folar rays. 
On Nov . 24, and from that time, the comet itfelf appeared 
with a bright light, its head and tail being extremely refplen- 
dent. T£e length of the tail, which was at firft 20 or 30 deg. 
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increafed till December 9, when it arofe to 75 deg. but with 
a light much more faint and dilute than at the beginning. 

In the year 1668, March 5, N. S. about feven in the evening, 
P. Valent . Ejtancius , being in Brajil , faw a comet near the 
horizon in tl\e fouth-weft. Its head was fmall, and fcarcely 
difcernible, but its tail extremely bright and refulgent, fo 
that the reflection of it from the fea was eafily feen by thofe 
who flood upon the fliore. This great fplendor lalted but 
three days, decreafing very remarkably from that time. The 
tail at the beginning extended itfelf from weft to fouth, and 
in a fituation almoft parallel to the horizon, appearing 
like a Alining beam 23 deg. in length. Afterwards, the light 
decreafing, its magnitude increafed till the comet ceafed to 
be vifible; fo that CaJJtni , at Bologna, faw it ( Mar . 10, 11, 
12) riling from the horizon 32 deg. in length. In Portugal 
it is faid to have taken up a fourth part of the heavens (that 
is, 4 5 deg.), extending itfelf from welt to eaft with a notable 
brightnefs; though the whole of it was not feen, becaufe the 
head in this part of the world always lay hid below the hori- 
zon. From the increafe of the tail it is plain that the head 
receded from the fun, and was neareft to it at the beginning, 
when the tail appeared brighteft. 

To all thefe we may add the comet of 1680, whofe wonder- 
ful fplendor at the conjun&ion of the head with the fun 
was above defcribed. But fo great a fplendor argues the 
comets of this kind to have really palled near the fountain of 
light, efpecially fince the tails never Ihine fo much in their 
oppofition to the fun ; nor do we read that fiery beams have 
ever appeared there. 

Laftly, the fame thing is inferred (p. 259 to 26 1) from the 
light of the heads increafing in the recefs of the comets from - 
the earth towards the fun, and decreafing in their return from 
the fun towards the earth ; for fo thelaft comet of the year 1665 
(by the observation of Hevelius), from the time that it was 
firft feen, was always lofing of its apparent motion, and there- 
fore had already paffed its perigee; yet the fplendor of its head 
was daily increafing, till, being hid by the fun's rays, the 
comet ceafed to appear. The comet of the year 1683 (by 
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the oblervation of the fame Hevelius), about the end of July, 
when it firft appeared, moved at a very flow rate, advancing 
.only about 40 or 4 5 minutes in its orbit in a day’s time. But 
from that time its diurnal motion was continually upon the 
increafe till September 4, when it arofe to about 5 degrees ; 
and therefore in all this interval of time the comet was 
approaching to the earth. Which is likewife proved from 
the diameter of its head meafured with a micrometer ; for, 
Auguji the 6th, Hevelius found it only 6' 5", including thi 
coma ; which, September 2, he obferved 9 ' 7". And therefore 
its head appeared far lefs about the beginning than towards 
the end of its motion, though about the beginning, becaufe 
nearer to the fun, it appeared far more lucid than towards 
the end, as the fame Hevelius declares. Wherefore in all 
this interval of time, on account of its recefs from the fun, 
it decreafed in fplendor, notwithftanding its accefs towards 
the earth. The comet of the year 16 18, about the middle 
of December, and that of the year 1680, about the end of 
the fame month, did both move with their greateft velocity, 
and were therefore then in their perigees ; but the greateft 
fplendor of their heads was feen two weeks before, when 
they had juft got clear of the fun’s rays; and the greateft 
fplendor of their tails a little more early, when yet nearer to 
the fun. The head of the former comet, according to the 
obfervations of Cyfatus, Dec. 1, appeared greater than the 
ftars of the firft magnitude ; and, Dec. 16 (being then in its 
perigee), of a fmall magnitude, and the fplendor or clearnefs 
was much diminilhed. Jan. 7 ; Kepler, being uncertain about 
the head, left off obferving. Dec. 12, the head of the laft 
comet was feen and obferved by Flamjled at the diftance of 
9 degrees from the fun, which a ftar of the third magnitude 
could hardly have been. December 15 and 17, the fame 
appeared like a ftar of the third magnitude, its fplendor 
being diminilhed by the bright clouds near the fetting fun. 
Dec . 26, when it moved with the greateft fwiftnefs, and was 
almoft in its perigee, it was inferior to Os Pegaji, a ftar of 
the third magnitude. Jan . 3, it appeared like a ftar of the 
fourth ; Jan . 9> like a ftar of the fifth. Jan . 13, it difappear- 
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ed, by reafon of the brightnefs of the moon, which was then 
in its increafe. Jan . 25, it was fcarcely equal to the ftars of 
the feventh magnitude. If we take equal times on each hand 
of the perigee, the heads placed at remote diftances would 
have ihincd equally before and after, becaufe of their equal 
diflances from the earth. That in one cafe they (hined very 
bright, and in the other vanilhed, is to be afcribed to the 
nearnefs of the fun in the firft cafe, and his diftance in the 
other; and from the great difference of the light in thefe two 
cafes we infer its great nearnefs in the firft of them; for the 
light of the comets ufes to be regular, aud to appear greateft 
when their heads move the fwifteft, and are therefore in their 
perigees; excepting in fo far as it is increafed by their near* 
nefs to the fun. 

From thefe things I at laft difcovered why the comets fre* 
quent fo much the region of the fun. If they were to be feen 
in the regions a great way beyond Saturn, they nmft appear 
oftener in thofe parts of the heavens that are oppofite to the 
fun ; for thofe which are in that fituation would be nearer to 
the earth, and the interpofition of the fun would obfcure the 
others : but, looking over the hiftory of comets, I find that 
four or five times more have been feen in the hemif^here to- 
ward the fun than in the oppofite hemifphere ; befides, with- 
out doubt, not a few which have been bid by the light of the 
fun ; for comets defcending into our parts neither emit tails, 
nor are fo well illuminated by the fun, as to difcover them- 
felves to our naked eyes, till they are come nearer to us than 
Jupiter. But the far greater part of that fpherical fpace, 
which is defcribed about the fun with fo fmall an interval, lies 
on that fide of the earth which regards the fun, and the co- 
mets in that greater part are more ftrongly illuminated, as 
being for the mod part nearer to the fun : befides, from the 
remarkable eccentricity of their orbits, it comes to pafs that 
their lower apfides are much nearer to the fun than if 
their revolutions were performed in circles concentric to the 
fun. 

Hence alfo we underftand why the tails of the comets, while 
their heads are defcending towards the fun, always appear 


Digitized by LjOOQle 



THE SYSTEM OP THE WOBLD. 6i 

fhort and rare, and are feldom faid to have exceeded 15 or 
20 deg. in length ; but in the recefs of the heads from the 
fun often ftiine like fiery beams, and foon after reach to 40* 
50, 60, 70 deg. in length, or more. This great fplendor and 
length of the tails arifes from the heat which the fun com- 
municates to the comet as it pafles near it. And thence, I 
think, it may be concluded, that all the comets that have 
had fuch tails have pafled very near the fun. 

Hence alfo we may collet that the tails arife from the at- 
mofpheres of the heads (p. 287 to 288): but we have had 
three feveral opinions about the tails of comets ; for fome will 
have it that they are nothing elfe but the beams of the fun’s 
light tranfmitted through the comets’ heads, which they fup- 
pofe to be tranfparent ; others, that they proceed from the 
refraction which light fullers in palling from the comet’s head 
to the earth and, laftly, others, that they are a fort of clouds 
or vapour conftantly riling from the comets’ heads, and tend- 
ing towards the parts oppofite to the fun. The firft is the opi- 
nion of fuch as are yet unacquainted with optics ; for the 
beams of the fun are not feen in a darkened room, but in con- 
fequence of the light that is reflected from them by the little 
particles of dull and fmoke which are always flying about in 
the air ; and hence it is that in air impregnated with thick 
fmoke they appear with greater brightnefs, and are more 
faintly and more difficultly feen in a finer air; but in the hea- 
vens, where there is no matter to refleCt the light, they are 
not to be feen at all. light is not feen as it is in the beams, 
but as it is thence reflected to oiir eyes ; for vifion is not made 
but by rays falling upon the eyes, and therefore there mull 
be fome reflecting matter in thofe parts where the tails of co- 
mets are feen ; and fo the argument turns upon the third opi- 
nion ; for that reflecting matter can be no where found but 
in the plabe of the tail, becaufe otherwife, lince all the ce- 
leftial fpaces are equally illuminated by the fun’s light, no 
part of the heavens could appear with more fplendor than ano- 
ther. The fecond opinion is liable to many difficulties. The 
tails of comets are never feen variegated with thofe colours 
which ever ufe to be infeparable from refraction ; and the 
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diftin<ft tranfiniflion of the light of the fixed ftars and planets 
to us is a demonftration that the aether or celefiial medium is 
not endowed with any refra&ive power. For as to w hat is al- 
ledged that the fixed ftars have been fometimes feen by the 
Egyptians environed with a coma or capillitium, becaufe that 
has but rarely happened, it is rather to be afcribed to a ca- 
fual refradlion of clouds, as well as the radiation and fcintil- 
lation of the fixed ftars to the refra&ions both of the eyes and 
air ; for upon applying a telefcope to the eye, thofe radia- 
tions and fcintillations immediately difappear. By the tre- 
mulous agitation of the air and afcending vapours, it happens 
that the rays of light are alternately turned afide from the 
narrow fpace of the pupil of the eye ; but no fuch thing can 
have place in the much wider aperture of the obje6l-glafs of 
a telefcope ; and hence it is that a fcintillation is occafioned 
in the former cafe which ceafes in the latter ; and this cefla- 
tion in the latter cafe is a demonftration of the regular tranf- 
iniflion of light through the heavens without any fenfible 
refra&ion. But, to obviate an objection that may be 
made from the appearing of no tail in fuch comets as fhine 
but with a faint light, as if the fecondary rays were then too 
weak to affe<ft the eyes, and for this reafon it is that the tails 
of the fixed ftars do not appear, we are to conlider that by 
the means of telefcopes the light of the fixed ftars may be 
augmented above an hundred fold, and yet no tails are feen ; 
that the light of the planets is yet more copious without any 
tail, but that comets are feen fometimes with huge tails, when 
the light of their heads is but faint and dull ; for fo it hap- 
pened in the comet of the year 1680, when in the month of 
December it was fcarcely equal in light to the ftars of the fe- 
cond magnitude, and yet emitted a notable tail, extending 
to the length of 40°, 50°, 60°, or 70°, and upwards ; and af- 
terwards, on the 27 th and 28th of January , the head ap- 
peared but as a ftar of the feventh magnitude ; but the tail (as 
was faid above), with a light that was fenfible enough, though 
faint, was ftretched out to 6 or 7 degrees in length, and with 
a languiihing light that was more difficultly feen, eyfen to 12° 
and upwards. But on the 9tb and 10th of February, when 
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to the naked eye the head appeared no more, I faw through 
a telefcope the tail of 2° in length. But farther ; if the tail 
was owing to the refraCtion of the celeftial matter, and did 
deviate from the oppofition of the fun, according as the fi- 
gure of the heavens requires, that deviation, in the lame 
places of the heavens, fhould be always directed towards the 
fame parts : but the comet of the year 1680, December 28*. 
8£ h . P. M. at Londoti, was feen in Pifces 8° 41', with latitude 
north 28° 6', while the fun was iti Capricorn 18° 26'. And 
the comet of the year 1577, December 29, was in Pifces 8° 
41', with latitude north 28° 40'; and the fun, as before, in 
about Capricorn 18° 26'. In both cafes the fituation of the 
earth was the fame, and the comet appeared in the . fame 
place of the heavens ; yet in the former cafe the tail of the 
comet (as well by my observations as by the observations of 
others) deviated from the oppofition of the fun towards the 
north by an angle of 4| degrees, whereas in the latter there 
was (according to the observation of Tycho) a deviation of 21 
degrees towards the fouth. The refraction, therefore, of the 
heavens being thus disproved, it remains that the phaeho- 
mena of the tails of comets mull be derived from forae reflect- 
ing matter. That vapours fufiicient to fill fuch immenfe 
fpaces may arife from the comets' atmofpheres, may be eafily 
underftood by what follows. 

It is well known that the air near the furface of our earth 
poflefles a fpace about 1200 times greater than water of the 
lame weight; and therefore a cylindric column of air 1200 
feet high is of equal weight with a cylinder of water of the 
fame breadth, and but one foot high. But a cylinder of air 
reaching to the top of the atmofphere is of equal weight with 
a cylinder of water about 33 feet high ; and therefore if from 
the whole cylinder of air the lower part of 1200 feet high is 
taken away, the remaining upper part will be of equal weight 
with a cylinder of water 32 feet high. Wherefore at the 
height of 1200 feet, or two furlongs, the weight of the in- 
cumbent air is lefs, and consequently the rarity of the com- 
preffed air greater, than near the furface of the earth in the 
ratio of 33 to 32. And, having this ratio, we may compute 
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the rayity of the air in all places whatfoever (by the help of 
cor. prop. 2, book 2), fuppofing the expanfion thereof to be 
reciprocally proportional to its compreffion ; and this propor- 
tion has been proved by the experiments of Hooke and others. 
The refult of the computation I have fet down in the following 
table, in the firfl column of which you have the height of the 
air in miles, whereof 4000 make a femi-diameter of the earth; 
in the fecond the compreffion of the air, or the incumbent 
weight ; in the third its rarity or expanfion, fuppofing gra- 
vity to decreafe in the duplicate ratio of the diftances from 
the earth’s centre. And the Latin numeral characters 
are here ufed for certain numbers of ciphers, as 0,xvii 
1224 for 0,000000000000000001224, and 26956 xv for 
«6956CKXXtoOOOOOOOOOO. 

AIR’s 


^Height. 

Compreffion. 

Expanfion. 

0 

5 

10 

20 

40 

400 

4000 

40000 

400000 

4000000 

Infinity. 

17.85I5 

9,6717 

2,852 

0,2525 

0,xvii 1224 
0,cv 4465 
0,cxcii 1628 
0,ccx 78£)5 
0,ccxii 9878 
0,ccxii 6041 

1 

1,8486 

3,4151 

11,571 

136,83 

26956 XV 

73907 cii 

20263 clxxxix 
41798 ccvii 
33414 ccix 
54622 ccix 


But from this table it appears that the air, in proceeding 
upwards, is rarefied in fuch manner, that a fphere of that air 
which is nearell to the earth, of but one inch in diameter, if 
dilated with that rarefaction which it would have at the height 
of one femi-diameter of the earth, would fill all the planetary 
regions as far as the fphere of Saturn, and a great way be- 
yond ; and at the height of ten femi-diameters of the earth 
would fill up more fpace than is contained in the whole hea- 
vens on this fide the fixed liars, according to the. preceding 
computation of their diftance. And though, by reafon of the 
far greater thicknefs of the atmofpheres of comets, and the 
great quantity of the circumsolar centripetal force, it may 


)igitized by LjOOQle 




THE SYSTEM OF THE W0ftI4>. 65 

happen that the air In the celeftial fpaces, and in the tails of 
comets, is not fo vaftly rarefied, yet from this computation it 
is plain that a very fmall quantity of air and vapour is abun- 
dantly fufficient to produce all the appearances of the tails 
of comets; for that they are indeed of a very notable rarity 
appears from the (hining of the ftars through them. The at- 
mofphere of the earth, illuminated by the iun’s light, though 
but of a few mites in thicknefs, obfcures and extinguilhes the 
light not only of all the ftars, but even of the moon itfelf ; 
whereas the ftnalleft liars are feen to (hine through the im- 
menfe thicknefs of the tails of comets, likewife illuminated 
by the fun, without the leaft diminution of their fplendor. 

Kepler afcribes the afcent of the tails of comets to the at- 
mofpheres of their heads, and their direftion towards the 
parts oppofite to the fun to the aftion of the rays of light car* 
rying along with them the matter of the comets’ tails; and 
without any great incongruity we may fuppofe that, in fo 
free fpaces, fo fine a matter as that of the aether may yield to 
the aftion of the rays of the fun’s light, though thofe rays are 
not able fenfibly to move the grofs fubftances in our parts, 
which are clogged with fo palpable a refiftance. Another 
author thinks that there may be a fort of particles of matter 
endowed with a principle of levity as well as others are with a 
power of gravity ; that the matter of the tails of comets may 
be of the former fort, and that its afcent from the fun may 
be owing to its levity ; but, confidering the gravity of ter- 
reftrial bodies is as the matter of the bodies, and there- 
fore can be neither more nor lefs in the fame quantity 
of matter, 1 am inclined to believe that this afcent may 
rather proceed from the rarefaftion of the matter of the co- 
mets’ tails. The afcent of lmoke in a chimney is owing to 
the impulfe of the air with which it is entangled. The air rare- 
fied by heat, afcends, becaufe its fpecific gravity is diminifhed, 
and in its afcent carries along with it the fmoke with which it 
is engaged. And why may not the tail of a comet rife from 
the fun after the fame manner ? for the fun’s rays do not aft 
any way upon the mediums which they pervade but by re- 
fleftion and refraftion; and thofe reflefting particles heated 
Vol. III. F 
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by this a<5hon> heat the matter of the aether which is involved 
With them. That matter is rarefied by the heat which it ac- 
quires, and becfcufe by this rarefa&ion the fpecific gravity, 
with which it tended towards the fun before, is diminifhed, it 
will afcend therefrom like a ftream, and carry along with it 
the reflecting particles of which the tail of the comet is com- 
pofed ; the impulfe of the fun’s light, as we have faid, pro- 
moting the afcent. 

But that the tails of comets do arife from their heads (p. 
288), and tend towards the parts oppoiite to the fun, is far- 
ther confirmed from the laws which the tails obferve ; for, ly- 
ing in the planes of the comets’ orbits which pafs through the 
fun, they conilantly deviate from the oppolition of the fun 
towards the parts which the comets’ heads in their progrefs 
along thofe orbits have left ; and to a fpe&ator placed in 
thofe planes they appear in the parts dire&ly oppoiite to the 
fun ; bdt as the fpe&ator recedes from thofe planes, their de- 
viation begins to appear, and daily becomes greater. And 
the deviation, cateris paribus , appears lefs when the tail is 
more oblique to the orbit of the comet, as well as when the 
head of the comet approaches nearer to the fun ; efpecially 
if the angle of deviation is eftimated near the head of the co- 
met. Farther; the tails which have no deviation appear 
ftraight, but the tails which deviate are likewife bended into 
a certain curvature ; and this curvature is greater when the 
deviation is greater, and is more fenfible when the tail, 
teris paribus , is longer ; for in the Ihorter tails the curvature 
is hardly to be perceived. And the angle of deviation is left, 
near the comet’s head, but greater towards the other end of 
the tail, and that becaufe the lower fide of the tail regards 
the parts from which the deviation is made, and which lie in 
a right line drawn out infinitely from the fan through the 
comet’s head. And the tails that are longer and broader, and 
fliine with a ftronger light, appear more refplendent and 
more exaftly defined on the convex than on the concave fide. 
tFpon which accounts it is plain that the phenomena of the 
tails of comets depend upon the motions of their heads, and 
by no means upon the places of the heavens in which thek 
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heads are feen ; and that, therefore, the tails of the comets 
do not proceed from the refra&ion of the heavens, bat from 
their own heads, which furnifh the matter that forms the 
tail ; for as in our air the fmoke of a heated body afceuds 
either perpendicularly if the body is at reft, or obliquely if the 
body is moved obliquely, fo in the heavens, where all the bo- 
dies gravitate towards the fun, fmoke and vapour muft (as we 
have already faid) afcend froja the fun, and either rife per- 
pendicularly if the fmokingHbody is at reft, or obliquely if the 
body, in the progrefs -of its motion, is always leaving thofe 
places from which the upper or higher parts of the vapours 
had rifen before. And that obliquity will be lefs where the 
vapour afcends with more velocity, to wit, near the fmoking 
body, when that is near the fun ; fr>r there the force of the 
fun by which the vapour afcends is stronger. But becaufe 
the obliquity is varied, the column of vapour will be incur- 
vated ; and becaufe the vapour in the preceding fide is fome- 
thing more recent, that is, has afcended fomething more 
lately from the body, it will therefore be fomething more 
denfe on that fide, and muft on that account reflect more 
light, as well as be better defined ; the vapour on the other 
fide languifliing by degrees, and vanifhing out of fight. 

But it is none of our prefent bufinefs to explain the caufes 
of the appearances of nature. Let thole things which we 
have lad faid be true or falfe, we have at leaft made out, in 
the preceding dtfoourfe, that the rays of light are dire&ly 
propagated from the tails of comets in right lines through the 
heavens, in which thofe tails appear to the fpe&ators wherever 
placed ; and consequently the tails muft afcend from the 
heads of the comets towards the parts oppofite to the fun. 
And from this principle we may determine anew the limits pf 
their didances in manner following. Let S represent t he £hn, 

T the earth, STA the elongation of a comet from the fun, 
and ATB the apparent length of its tail ; and becaufe the light 
is propagated from the extremity of the tail in thediredHon of 
the right line TB, that extremity muft lie fomewfeere in the 
line TB. Suppofe it iu JD,and join DS cuttingTA in C. Then* 
beqaufe the tall is always ftretched out towards die parts 
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nearly oppofite to the fun, and therefore the fun, the head of 
the comet, and the extremity of the tail, lie in a right line, 
the comet's head will be found in C. Parallel to TB draw SA, 



meeting the line TA in A, and the comet’s head C mult ne- 
ceffarily be found between T and A, becaufe the extremity 
of the tail lies fomewhere in the infinite line TB ; and all the 
i lines SD which can poflibly be drawn from the point S to the 
line TB mull cut the line TA fomewhere between T and A. 
Wherefore the diftance of the comet from the earth cannot 
exceed the interval TA, nor its diftance from the fun the in- 
terval SA beyond, or ST on this fide the fun. For inflance ; 
the elongation of the comet of 1680 from the fun, Dec. 12, 
was 9 °, and the length of its tail 35 ° at leaft. If, therefore, 
a triangle TSA is made, whofe angle T is equal to the elon- 
gation 9°, and angle A equal to ATB, or to the length of the 
tail, viz. 35 °, then SA will be to ST, that is, the limit of the 
greateft poflible diftance of the comet from the fun to the 
femi-diameter of the orbis magnus , as the fine of the angle T 
to the fine of the angle A, that is, as about 3 toll. And 
therefore the comet at that time was lefs diftant from the fun 
than by tt of the earth’s diftance from the fun, and confe- 
quently either was within the orb of Mercury, or between that 
orb and the earth* Again, Dec . 21, the elongation of the 
comet from the fun was 32 2 t> and the length of its tail 70°. 
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Wherefore as the fine of S2 t to the fine of 70°, that is, as 
4 to 7 , fo was the limit of the comet's diftance from the fun 
to the diftance of the earth from the fun, and confequently 
the comet had not then got without the orb of Venus. Dec • 
28, the elongation of the comet from the fun was 55°, and 
the length of its tail 56°; and therefore the limit of the 
comet's diftance from the fun was not yet equal to the dif- 
tance of the earth from the fame, and confequently the comet 
had not then got without the earth’s orbit. But from its 
parallax we find that its egrefs from the orbit happened about 
Jan . 5, as well as that it’ had defcended far within the orbit 
of Mercury. Let us fuppofe it to have been in its perihelion 
Dec. the 8th, when it was in conjun&ion with the fun ; and it 
will follow that in the journey from its perihelion to its .exit 
out of the earth*s orbit it had fpent 28 days ; and confequent- 
ly that in the 26 or 27 days following, in which it ceafed to be 
farther feen by the naked eye, it had fcarcely doubled its dif- 
tance from the fun ; and by limiting the diftances of other 
comets by the like arguments, we come at laft to this con- 
clufion, — that all comets, during the time in which they are 
vifible by us, are within the compafs of a fpherical fpace de- 
fcribed about the fun as a centre, with a radius double, or at 
moft triple, of the diftance of the earth from the fun. 

And hence it follows that the comets, during the whole 
time of their appearance unto us, being within the fphere of 
activity of the circum-folar force, and* therefore agitated by 
the impulfe of that force, Will (by cor. 1, prop. 18, for the 
fame reafon as the planets) be made to move in conic fe<ftions 
that have one focus in the centre of the fun, and, by radii 
drawn to the fun, t6 delcribe areas proportional to the times; 
for that force is propagated to an immenfe diftance, and will 
govern the motions of bodies far beyond the orbit of Saturn. 

There are three hypothefes about comets (p. 262); for 
fome will have it that they are generated and perifti as often 
as they appear and vanifti ; others, that they come from the 
regions of the fixed ftars, and are feen by us in their paffage 
through the fyftera of our planets ; and, laftly, others, that 
they are bodies perpetually revolving about the fun in very 
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eccentric orbits. In the firft cafe, the comets, according to 
their different velocities, will move in conic fe&ions of all 
forts; in the fecond, the; will defcribe hyperbolas, and in 
either of the two will frequent indifferently all quarters of the 
heavens, as well as thofe about the poles as thofe towards the 
ecliptic; in the third, their motions will be performed in 
ellipfes very eccentric, and very nearly approaching to para** 
bolas. But (if the law of the planets is obferved) their orbits 
will not much decline from the plane of the ecliptic; and, fo 
far as I could hitherto obferve, the third cafe obtains ; for the 
comets do, indeed, chiefly frequent the zodiac, and fcarcely 
ever attain to a heliocentric latitude of 40°. And that they 
move in orbits very nearly parabolical, I infer from their ve- 
locity ; for the velocity with which a parabola is defcribed 
is every where to the velocity with which a comet or planet 
may be revolved about the fun in a. circle at the fame dif- 
tance in the fubduplicate ratio of <2 to 1 (by cor. 7, prop. 16); 
and, by my computation, the velocity of comets is found to be 
much about the fame. I examined the thing by inferring 
nearly the velocities from the diftances, and the diftances 
both from the parallaxes and the phenomena of the talk, 
and never found the errors of excefs or defeft in the veloci- 
ties greater thfcn what might have arofe from the errors in the 
diftances colle&ed after that manner. But I likewife made 
ufe of the reafoning that follows. 

Suppofing the radius of the orbis magnm to be divided into 
1000 parts : let the numbers in the firft column of the follow- 
ing table reprefent the diftance of the vertex of the parabola 
from the fun’s centre, exprefied by thofe parts ; and a comet 
in the times exprefied in col. 2, will pafs from its perihelion 
to the furface of the fphere which is defcribed about the fun 
a* a centre with the radius of the orbis magnm ; and in the 
times exprefied in col. 3, 4, and 5, it will double, triple, and 
quadruple, that its diftance from the fun* 


Digitized by LjOOQle 



7i 


THE SYSTEM OF THE WOR1D. 

TABLE I. 


The dll 
tance o 
a comet't 
perihelion 
from the 
fun's cen- 
tre. 

The time of i comet’s paflage from its perihe- 
lion to a diftance from the fun equal to 

r 

The radii o 
the orbii 
magmas. 

To its 
double. 

To its 
triple. 

To its 
quadruple. 


d.‘ h. * 

d. h. * 

d. h. ' 

d. h. ' 

0 

27 11 12 

77 16 28 

142 17 14 

219 17 30 

5 

27 16 07 

77 23 14 



10 

27 21 00 

78 06 24 



20 

28 06 40 

78 20 13 

144 03 19 

221 08 54 

40 

29 01 32 

79 23 34 



80 

30 13 25 

82 04 56 



1 60 

33 05 29 

86 10 26 

153 16 08 

232 12 20 

320 

37 13 46 

93 23 38 



640 

37 09 49 

105 01 28 



1280 


106 06 35 

200 06 43 

297 03 46 

2560 



147 22 31 

300 06 03 


{This table, here corre&ed, is made on the fuppofition that the 
earth’s diurnal motion is juft 59', and the meafure of one 
minute loofely 0,2909, in refpe<ft of the radius 1000. If 
thofe meafures are taken true, the true numbers of the table 
will all come out lefs. But the difference, even when 
greateft, and to the quadruple of the earth’s diftance from 
the fun, amounts only to l6 k . 55'.] 

The time of a comet’s ingrefe into the fphere of the orbis 
magma, or of its egrefs from the fame, may be inferred nearly 
from its parallax, hat with more expedition by the following 
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TABLE II. 


The apparent 
elongation of 
a comet from 
the fun. 

Its apparent diur- 
nal motion in its 
own orbit. 

its ditiance from 
the earth in parts, 
whereof the radius 
of the orbis mag - 
nus contain** 1000, 

60 ° 

Direct. 
2° 18' 

Retrog. 
00° 20' 

1000 

65 

2 

33 

00 

35 

845 

70 

2 

55 

00 

57 

684 

72 

3 

07 

01 

09 

618 

74 

3 

23 

01 

25 

551 

76 

3 

43 

01 

45 

484 

78 

4 

10 

02 

12 

416 

80 

'4 

57 

02 

49 

347 

82 

5 

45 

03 

47 

278 

84 

7 

18 

05 

20 

209 

86 

10 

27 

08 

19 

140 

88 

18 

37 

i6 

39 

70 

1 00 

Infinite 

Infinite 

00 


The ingrefs of a comet into the fpbere of the orbis magnus 9 | 
or its egrefs from the fame, happens at the time of its elonga- 
tion from the fun, exprefled in col. 1, againft its diurnal mo- 
tion. So in the comet of 1681 , Jan. 4, O.S. the apparent 
diurnal motion in its orbit was about 3° 5', and the corre- 
fponding elongation 71 2 t ; and the comet had acquired this 
elongation from the fun Jan . 4, about fix in the evening. 
Again, in the year 1680, Nov. 11, the diurnal motion of the 
comet that then appeared was about 4 V ; and the corre- 
fponding elongation* 79f happened Nov . JO, a little before j 
midnight. Now at the times named thefe comets had arriv- 
ed at an equal diftance [from. the fun with the earth, and the 
earth w^s then ajmoft, in its perihelion. But the firfl table is 
jetted to the eartlis mean ' d ffl ance from the fun aflumed of I 
1 000 parts ^ apcf this diftanbe Is greater by fuch an excels of I 
fpace as the earth might defcrrbe byits annual motion in one 
day’s time, or the comet by its motion in 16 hours. To re- ' 
duce the comet to this mean diftance of 1000 parts, we add 
thofe 16 hours to the former time, and fubdudl them from the 
latter ; and thus the former becomes Jan . 4 d . 10 1 *. afternoon ; 
the latter Nov. 10, about fix in the morning. But from the 
tenor and progrefs of the diurnal motions it appears that both 
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comets were in conjun&ion with -the fun between Dec. 7 and 
Dec. 8; and from thence to Jan . 4 d . 10 h . afteftioon on one 
fide, and to Nov. 10*. 6 h . of the morning on the other, there 
are about 28 days. And fo many days (by Table 1) the 
motions in parabolic traje&ories do require. 

But though we have hitherto contidered thofe comets as 
two, yet, from the coincidence of their perihelions and agree- 
ment of their velocities, it is probable that in effe& they 
were but one and the fame; and if fo, the orbit of this 
comet muil have either been a parabola, or at lead a conic 
fe&ion very little differing from a parabola, and at its vertex 
almoft in contact with the iurface of the fun. For (by Tab. 
2) the diftance of the comet from the earth, Nov. 10, was about 
360 parts, and Jan. 4, about 630. From which diftances, 
together with its longitudes and latitudes, we infer the dif- 
tance of the places in which the comet was at thofe times to 
have been about 280: the half of which, viz. 140, is an or- 
dinate to the comet’s orbit, cutting off a portion of its axis 
nearly equal to the radius of the orbis magnus , that is, to 
1000 parts. And, therefore, dividing the fquare of the or- 
dinate 14Q by 1000, the legment of the axis, we find the latus 
re&um 19 ,l 6 , or in a round number 20; the fourth part where- 
of, 5j is the diftance of the vertex of the orbit from the fun’s 
centre. But the time correfponding to the diftance of 5 parts 
inTab. 1 is27 d . I6 h .7'. In which time, if the comet moved in a pa- 
rabolic orbit, it would have been carried from its perihelion to 
the furface of the fphere of the orbis magnus defcribed with the 
radius 1000, and would have fpent the double of that time, 
viz. 53 d . 8i h . in the whole courfeof its motion within that fphere: 
and fo in fa<$l it did; for from Nov. 10* 1 . 6*. of the morning, 
the time of the comet’s ingrefs into the fphere of the orbis 
magnuSy to Jan. 4 d . 10*. afternoon, the time of its egrefs 
from the fame, there are 5 5 d . 16*., The fmall difference of 
7J*. in this rude way of computing is to be neglected, and 
jWrh&pa'mdy arlfe^frolntbe comet’s motion being fome fmall 
matter QoWfelr, as it muft have been if the true orbit in which 
it was carried Was an ellipsis. The middle time between its 
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ingrefs apd egrefc was December 8 d . 2 h . of the morning; and 
therefore at this time the comet ought to have been in its 
perihelion. And accordingly that very day, juft before fun- 
rifing, Dr. Halley (as we faid) faw the tail (hort and broad, 
but very bright, riling perpendicularly from the horizon. 
From the pofition of the tail it is certain that the comet had 
then eroded over the ecliptic, and got into north latitude, and 
therefore had pafied by its perihelion, which lay on the other 
fide of the ecliptic, though it had not yet come into conjunc- 
tion with the fun ; and the comet [fee more of this famous 
comet, p. 272 to 286, vol. 2] being at this time between its 
perihelion and its conjunction with the fun, muft have been 
in its perihelion a few hours before; for in fo near a distance 
from the fun it muft have been carried with great velocity, 
and have apparently deferibed almoft half a degree every 
hour. 

By like computations I find that the comet of 16I8 entered 
the fphere of the orbit magnm December 7, towards fun-fet- 
ting ; but its conjunction with the fun was Nov . 9> or 10 , 
about 28 days intervening, as in the preceding comet ; for 
from the fize of the tail of this, in which it was equal to the 
preceding, it is probable that this comet likewife did come 
almoft into a contact with the fun. Four comets were feen that 
year, of which this was the laft. The fecond, which made its 
firft appearance 0<2o£er 8 1, in the neighbourhood of the rifing 
fun, and wasfoon after hid undei* the fun’s rays, I fufpeCl to have 
been the fame with the fourth, which emerged out of the fun’s 
rays about Nov. 9. To thefe we may add the comet of 1607, 
which entered the fphere of the or bis magnm Sep . 14, Q.S. 
and arrived at its perihelion diftance from the fun about 
OBober 19> 35 days intervening. Its perihelion diftance 
fubtended an apparent angle at the earth of about 23 degrees, 
and was therefore of 390 parts. And to this number pf pjwrtp 
about 34 days correfpond in Tab. 1. Farther ; the, comet of 
1665 entered the fphere of the orbit magnm about March 17, 
and came to its perihelion about April 16, 30 days intprr 
vening. Its perihelion diftance fubtended an , angle at the 
earth of about feven degrees, and therefore was of 122 parts: 
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and correfponcling to this number of parts, in Tab. 1, we find 
30 days. Again; the comet of 1 682 entered the fphere of 
the orbis magnus about Aug. 11 , and arrived at its perihelion 
about Sep. 16, being then diftant from the fun by about 350 
parts, to which, in Tab. 1, belong 33| days. Laftly; that 
memorable comet of Regiomontanus, which * in 1472 was 
carried through the circum-polar parts of our northern 
hemifphere with fuch rapidity as to defcribe 40 degrees in 
one day, entered the fphere of the orbis magnus Jau. 21, 
about the time that it was palling by the pole, and, haftening 
from thence towards the fun, was hid under the fun’s rays about 
the end of Feb. ; whence it is probable that 30 days, or a 
few more, were fpent between its ingrefs into the fphere of 
the orbis magnus and its perihelion. Nor did this comet 
truly move with more velocity than other comets/ but owed 
the greatnefs of its apparent velocity to its palling by the 
earth at a near diliance. 

It appears, then, that the velocity of comets (p. 268), fo far 
as it can be determined by thefe rude ways of computing, is 
that very velocity with which parabolas, or ellipfes near to 
parabolas, ought to be defcribed ; and therefore the difiance 
between a comet and the fun being given, the velocity of the 
comet is nearly given. And hence arifes this problem. 
PROBLEM. 

The relation betwixt the velocity of a comet and its dijlanct 
from the fun's centre being given, the comet's trajectory is 
required . 

If this problem was refolved, we Ihould thence have a 
method of determining the trajectories of comets to the 
greateft accuracy; for if that relation be twice affumed, 
and from thence the trajectory be twice computed, and 
the error of each trajectory be found from obfervations, 
the afiumption may be corrected by the Rule of Falfe, and 
a third trajectory may thence be found that will exaCtly agree 
with the obfervations. And by determining the trajectories 
of comets after this method, we may come> at laft, to a more 
exaCt knowledge of the parts through which thofe bodies 
travel, of the velocities with which they are carried, what 
fort of trajectories they defcribe, and what are the true mag- 
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nitudes and forms of their tails according to the various dif- 
tances of their heads from the fun ; whether, after certain 
intervals of time, the fame comets do return again, and in 
what periods they complete their feverai revolutions. But 
the problem may be refolved by determining, firft, the hourly 
motion of a comet to a given time from three or more obfer- 
vations, and then deriving the traje&ory from this motion. 
And thus the invention of the trajectory, depending on one 
obfervation, and its hourly motion at the time of this obferva- 
tion, will either confirm ordifprove itfelf; forthe con clulion that 
is drawn from the motion only of an hour or two and a falfe 
hypothefis will never agree with the motions of the comets 
from beginning to end. The method of the whole compu- 
tation is this. 

LEMMA I. 

To cut tzco right lines OR, TP , given in position , by a third 
right line RP, Jo as TRP may be a right angle ; and , if 
another right line SP is draun to any given point S, the 
J'olid contained under this line SP, and the fquare of the 
right line OR terminated at a given point O, may be of a 
given magnitude . 

It is done by linear description thus. Let the given mag- 
nitude of the lolid be M 1 x N ; from any point r of the right 
line OR ere6t the perpendicular rp meeting TP in p. Then 
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through the point Sp draw the line Sq equal to 


M* x N 
“Or* # 


17 

In 


like manner draw three or more right lines S2q, SSq, &e. ; 
and a regular line q2q3q drawn through all the points q2qSq, 
&c. will cut the right line TP in the ppint P, from which the 
perpendicular PR is to be let fall. Q.E.F. 

By trigonometry thus. Affuming the right line TP as 
found by the preceding method, the perpendiculars TR, SB, 
in the triangles TPR, TPS, will be theuce given; and the 

M* x N 

fide SP in the triangle SBP, as well as the error — 


SP. Let this error, fuppofe D, be to a new error, fuppofe E, 
as the error 2p2q ± Sp3q to the error 2p3p ; or as the error 
2p2q ± D to the error 2pP ; and this new error added to or 
fubdu&ed from the length TP, will give the correct length 
TP ± E. The infpedion of the figure will (hew whether we 
are to add or to fubtracft ; and if at any time there fhould be 
ufe for a farther corre&ion, the operation may be repeated. 

By arithmetic thus. Let us fuppofe the thing done, and 
let TP + e be the corre& length of the right line TP as 
found out by delineation ; and thence the corre& length* of 


TR 

the lines OR, BP, and SP, will be OR — ;ppe, BP + e, 

M*N 

~ . 20R+TR . Tli* 

OR + jp e fppi ce 


and y/SP 1 -f 2BPe + ee = 


Whence, by the method of converging feries, we have SP + 
BP SB 1 _ M*N 2TR M*N 3TR» 

SP - ® + 5sF ee> &C ’ “ OR* + TP X OR J e + TP* X 

2TR 

QjgT ee > & c - For- the given co-efficients — SP, -Tpp- 

M*N BP STR* M‘N SB 1 „ F F 

X — §p» XP » * OR 4 2SP 3 * P uttlD S G* GH* 

F F 

and carefully obferving the figns, we find F + G e + GH 


ee — 0, and e + „ = — G. Whence, neglecting the very 
xi 
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e * ' 
fmall term g* e comes out equal to — G. If the error 

e* G* 

g is not defpicable, take — G — g ;= e. 

And it is to be obferved that here a general method is hint- 
ed at for folving the more intricate fort of problems, as well 
by trigonometry as by arithmetic, without thofe perplexed 
computations and resolutions of affe6led equations which hi- 
therto have been in u&. 

LEMMA II. 

To cut three right lines given in pojition by a fourth right line 
that Jhallpafs through a point affigned in any of the three, 
and fo as its intercepted parts Jhail be in a given ratio one t& 
the other . 

Let AB, AC, BC, be the right lines given in pofition, and 
fuppofe D to be the given point in the line AC. Parallel to 



AB draw DG meeting BC in G ; and, taking GF to BG in 
the given ratio, draw FDE ; and FD will be to D£ as FG to 
BG. Q.E.F. 

By trigonometry thus. In the triangle CGD all the angles 
and the fide CD are given, and from thence its remaining 
fides are found ; and from the given ratios the lines GF and 
BE are alfo given. 

LEMMA III. 

To find and reprefent by a linear defcription the hourly motion 
of a comet to any given time . 

From observations of the beft credit, let three longitudes of 
the comet be given, and, fuppofing ATR, RTB, to be their 
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differences, let the hourly motion be required to the time of 
the middle obfervation TR. By Lem. II. draw the right line 
ARB, fo as its intercepted parts AR, RB, may be as the 
times between the obfervations ; and if we fuppofe a body in 
the whole time to defcribe the whole line AB with an equal 



motion, and to be in the mean time viewed from the place T; 
the apparent motion of that body about the point R will be 
nearly the fame with that of the comet at the time of the ob- 
fervation TR. 

The fame more accurately . 

LetTa, Tb, be two longitudes given at a greater diftance on 
one fide and on the other; and, by Lem. IL draw the right 
line aRb fo as its intercepted parts aR, Rb, may be as the 
times between die obfervations aTR, RTb. Suppofe this to 
cut the lines TA, TB, in D and E ; and becaufe the error of 
the inclination TRa increafes nearly in the duplicate ratio of 
the time between the obfervations, draw FRG, fo as either • 
the angle DRF may be to the angle ARF, or the line 
DF to the line AF, in the duplicate ratio of the whole time 
between the obfervations aTB to the whole time between the 
obfervations ATB, and ufe the line thus found FG in place 
of the line AB found above. 

It will be convenient that the angles ATR, RTB, aTA, 
BTb, be no lefs than of ten or fifteen degrees, the times cor- 
refpondiztg no greater than of eight or twelve days, and the 
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longitudes taken when the comet moves with tb£ greateft ve- 
locity ; for thus the errors of the obfervations will bear a left 
proportion to the differences of the longitudes. 

L] EM MA IV. 

To find the longitudes of a comet to any given times . , 

It is done by taking in the line FG the diftances Rr, R$, 
proportional to the times, and drawing the line3 Tr,T$. The 
way of working by trigonometry is manifeft. 

LEMMA V. 

To find the latitudes . 

On TF, TR, TG, as radiufes, at right angles ere<ft Ff, RP, 
Gg, tangents of the obferved latitudes; and parallel to fg 
draw PH. The perpendiculars rp, meeting PH, will be 
the tangents of the fought latitudes to Tr and T^ as radiufes. 
PROBLEM I. 

From the ajfumed ratio of the velocity to determine the tra- 
jectory of a comet . 

Let S reprefent the fun ; t, T, r, three places of the earth 
in its orbit at equal diftances ; p, P, w, as many correfponding 



places of the comet in its traje&ory, fo as the diftances inter- 
pofed betwixt place and place may anfwjer to the motion of 
one hour ; pr, PR, perpendiculars let fall on the plane of 
the ecliptic, and rRf the veftige of the tnye&ory in this plane. 
JoinSp, SP,Sw,SR,ST, tr,TR, t^TP; and let tr,rf* meet in 
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O, TR will nearly converge to the fame point O, or the error 
will be inconfiderable. By the premifed lemmas the angles 
lOR, RO^, are given, as well as the ratios pr to tr, PR to TR, 
and to The figure tTrO is likewife given both in mag- 
nitude and pofition, together with the diftance ST, and the 
angles STR, PTR, STP. Let us affume the velocity of the 
comet in the place P to be to the velocity of a planet revolved 
about the fun in a circle, at the fame diftance SP, as V to 1 ; 
and we (hall have a line pPw to be determined, of this condi- 
tion, that the fpace pw, defcribed by the comet in two hours, 
may be to the fpace V x tr (that is, to the fpace which the 
earth defcribes in the fame time multiplied by the number V) 
in the fubduplicate ratio of ST, the diftance of the earth 
from the fun, to SP, the diftance of the comet from the fun ; 
and that the fpace pP, defcribed by the comet in the firft 
hour, may be to the fpace Pw, defcribed by the comet in the 
fecond hour, as the velocity in p to the velocity in P ; that is, 
in the fubduplicate ratio of the diftance SP to the diftance 
Sp, or in the ratio of 2Sp to SP + Sp ; for in this whole 
work I negleft fmall fractions that can produce no fenfible 
error. 

In the firft place, then, as mathematicians, in the refolution 
of afife&ed equations, are wont, for the firft effay, to affume 
the root by conje&ure, fo, in this analytical operation, I judge 
of the fought diftance TR as I beft can by conjefture. Then, 
by Lem . IL I draw tq, firft fuppofing rR equal to R^, and 
again (after the ratio of SP to Sp is difcovered) fo as rR may 
be to Rf as 2SP to SP + Sp, and I find the ratios of the 
lines pw, r$, and OR, one to the other. Let M be to V x tr 
as OR to fig ; and becaufe the fquare of p^ is to the fquare 
of V x It as ST to SP, we fhall have, ex aquo, OR* to M* as 
ST to SP, and therefore the folid OR 7, X SP equal to the 
given folid M 1 x ST; whence (fuppofing the triangles STP, 
PTR, to be now placed in the fame plane) TR, TP, SP, PR, 
will be given, by Lem. I. All this I do, firft by delineation 
in a rude and hafty way ; then by a new delineation with 
greater care; and, laftly, by an arithmetical computation. 
Then I proceed to determine the pofition of the lines r^, p«, 
with the greateft accuracy, together with the nodes and incli- 
Vol. III. G 
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nation of the plane Sp» to the plane of the ecliptic ; and in 
that plane Sp« I defcribe the trajectory in which a body let 
go from the place P in the direction of the given right line p« 
would carried with a velocity that is to the velocity of the 
earth as pw to V x tr. Q.E.F. 

PROBLEM II. 

To correSi the ajfumed ratio of the velocity and the trajectory 
thence found . 

Take an observation of the comet about the end of its ap- 
pearance, or any other observation at a very great diftance 
from the observations ufed before, and find the interfeCtion of 
a right line drawn to the comet, in that observation with the 
plane Spvr, as well as the comet’s* place in its trajectory to the 
time of the observation. If that interfeCtion happens in this 
place, it is aproof that the trajectory was rightly determined ; 
if otherwise, a new number V is to be affumed, and a new tra- 
jectory to be found ; and then the place of the comet in this 
trajectory to the time of that probatory obfervation, and the 
interfeCtion of a right line drawn to the comet with the plane 
of the trajectory, are to be determined as before ; and by com- 
paring the variation of the error with the variation of the 
other quantities, we may conclude, by the Rule of Three, 
how far thofe other quantities ought to be varied or corrected, 
fo as the error may become as fmall as poffible. And by 
paeans of thefe corrections we may have the trajectory exact- 
ly, providing the observations upon which the computation 
was founded were exaCi, and that we did not err much in the 
afiumption of the quantity V ; for if we did, the operation is 
to be repeated till the trajectory is exaCtly enough determin- 
ed. Q.E.F. 


End of the Syftem of the World . 
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PMEFACE. 


The Pei nci pi a being a book which is uni- 
verfally read by all the world, that pretend to any 
degree of philofophical learning, it cannot be im- 
proper to explain fuch paffages therein as feem obfcure 
and difficult. For .although it is written in as clear 
a ftyle as can be done in fo few words, yet, by reafon 
of its concifenefs, and the difficulty of the fubje&s 
treated on, many things occur which require fome 
farther explication, efpecially to young beginners. 


Accordingly, feveral mathematical writers have en- 
deavoured to explain fome parts or other of this 
Work, to make them intelligible to common readers, 
who, without fuch helps, would find it very difficult 
to get forward. 


The noble fubje&s this work treats of being no Ids 
than the grand fabric of the world, and the whole 
fyftem of nature, although comprifed in fo little a 
compafs, makes it highly deferving of every illuftra- 
tion that can be given it. 

G 3 
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PREFACE. 


The author has clearly {hewn in this work that all 
the bodies in the world are actuated by the univerfal 
principle of gravity ; which is this, that every body 
is attracted or impelled towards any other body by a 
force ' which is reciprocally as the fquare of the 
diftance of the two bodies. On this univerfal prin- 
ciple he {hews that the motions of all the great bodies 
in the world are founded. 

Several men had written fyftems of Philofophy be- 
fore Sir Ifaac ; but, from their ignorance of nature, 
none of them could {land the tell. But his Princi- 
ples being built uppn the unerring foundation of ob- 
fervations and experiments, mud neceffarily Hand 
good, till the diffolution of nature itfelf. 

This little Treatife was written many years fince ; 
for when I ftudied the Principia, I was frequently 
at a Hop, which obliged me to make calculations 
here and there as I went on ; and, when I had done, 
I fet them down as notes upon thefe places ; wherein 
I only meddled with thofe places that appeared diffi- 
cult to me. Thefe notes colle6led together are the 
fubjedt of the following Comment; and I have re- 
vifed the whole, and added feveral things that feemed 
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wanting. Yet I believe there are fome things ftill 
behind, which are not fufficiently explained by any 
commentator, and efpecially fuch as are there laid 
down without their demonftrations. 

As nobody is reckoned a philofopher that does not 
read the Principia, therefore I thought proper to 
publilh this fmall Tra6t, fuppoling that it may be 
ufeful to others that have a defire to read that cele- 
brated Work. What I have farther to mention is 
this : the palfages referred to, and which are to be 
explained, are not taken from the Latin edition, 
which would not fuit the Englifh reader ; but froifi 
Motte ' s tranflation, and from the firft edition thereof, 
if there happen to be more. 


TV. Emerfon. 
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ADVERTISEMENT. 


Befides the common Algebraic chara&ers which 
are in ufe, I make ufe of this «, which fignifies a 
proportion. Thus A a BC, fignifies that A is in a 
confiant ratio to BC, or that A is as BC. 
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I 

%c. 

[COR. 2, to the laws. And therefore if the weight p 
is to the weight A, &c.] For p will have the fame effect as 
P, ifp : P : : pH X OL : pN X perpendicular from O on pN. 
And P : A : ; (by what went before) KO : OL. Therefore, 
eX equo, if p and A are in equilibrio, it will be p : A : : pH 
X KO : pN X perpendicular from O on pN. Note, the line 
pN ought to be drawn in fig. 2, and not PL. 

[Cor. 4, ib.] This is demonftrated in Keil’s Introduction, 
theor. 20 ; as likewife in lem. 23, p. 86, of this Work. 

[ib. P . 20, fubjinem ; but the diftance between thefe two 
centres,] that is, between the centre of the two, and the cen- 
tre of all the reft. Farther, the actions of all the bodies may 
be confidered as the fum of the actions of every two ; and 
then the cafe will be plain. 

[Sch. to cor. 6, p. 23, then will ST reprefent] For if 
RV = retardation of describing 2RA + 2VA, ST will be the 
retardation of defcribing * of that, or £RV + |VA, that is, 
SA or TA ; and therefore the body falling from S in the air, 
or from T in vacuo , will have, nearly, the fame velocity in 
A ; the fame of sA or tA ; for afcending to s in the air, or 
afcending to t (or defcending from t to A) in vacuo has the 
fame velocity in A. 

[ib. P . 27, but if they are turned afide by the interpofition.] 
This is plain by prop. 16, Mechanics. 

[Ib. And in like manner, &c.] By the fame prop, as be- 
fore. 
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BOOK I. 


SECTION I. 

[Lem. 10.] For let AE be divided into an infinite number 
of equal parts, any part, as D', X by the velocity acquired in 
the time AD (that is, D x DB), is as the fpace defcribed in 
that little part of time D 7 (for the fpaces are as the times X 
by the velocities) ; and the fum of all thefe produ&s or areas, 
that is, the areas ADB, AEC, are as the whole fpaces de- 
fcribed in the times AD, AE ; but thefe areas are as AD* and 
AE*, by lem. 9. 

[ib. cor. 1. — to the bodies, and meafured — ] that is, 
and the faid errors meafured by the diftances of the bo- 
dies, 8tc. 

[Lem. 11, have a finite curvature.] Thefe words exclude 
thofe curves whofe radius of curvature is infinitely fmall, or 
infinitely great. 

[Ib. fchol.] All this may be univerfally demonftrated af- 
ter this manner. Let AB, AF (Fig. 1), be two paraboloids. 
Let latus return of AF = a, of AB = b, AC = z, 
AE == x, CB, EF, or AD = y. And let m be any affir- 
mative index, and fuppofe a m x y m + \ And b“ + n z 


yi" + n + \ Then ----- - t ■ ■ 

J a m + 


b m + n + 


4- n 4. « * And by involution, a m x m + n + 1 x m + n + 1 iz 

b m q. n x m -h 1 z m + 1 . And, therefore, a m * + mB + m x » 

: | yat 4. mn 4. m 4. n . . z m + 1 : x m + *. But, becaufe x is infi- 
nitely fmall, therefore when n is affirmative, the firft term is 
infinitely lefs than the fecond ; and, therefore, z 10 + * is infi- 
nitely leffer than x m + 1 ; but if n is negative, the firft term is 
infinitely greater than the fecond (Fig. 1), and, therefore, 
z" 1 + 1 is infinitely greater than x ra + *, or z than x ; that is, 
in cafe the firft DB is infinitely lefs, and in cafe the fecond 
infinitely greater than DF. But DB, DF, are a* the curva- 
tures of AB, AF, therefore, &c. 

SECTION II. 


[Pr. L cor. 4, as the verfed fines, of arcs] (Fig. 2 ) de- 
fcribed in equal times, tending to the centre of force, and 
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bifeX the chords ; let AB = BC, and Bd be JL to AC, then 
Ad = dC. And when the arc AC isdiminifhed to infinity, 
e coincides with d ; and confequently Ae = eC, or BeS 
bifeXs the chord AC. Complete the parallelogram ABCf, 
and eB = ffB. Aote. — He calls that the verfed fine of an 
arc which is commonly called the verfed fine of half that 


arc. 


_ _ _ , . velo. 2 vel. 2 X rad. 

[Pr. 4, cor. 2.1 ror the forces a -r — oc i oc 

L J rad. rad 

rad. 


times 2 * ot ^ er coro ^ ar ^ es (except the 1 aft) depend 

on this. 

[Ib. cor 8.] Let R = radius of curvature, D = diftance 
from the centre of force. Then will the p. time a R n a D n 
(by fimilar pofition), and the areas oc velocities oc R»— 1 a 

D n ~ *. And therefore the force a pijm ; and the contrary. 


[Ibid, cor. 9.] Take the arc Bd infinitely fmall, and let 
BF be defcribed by the revolving body (Fig. 3). in the fame 
time that a body falls from B to E by an uniform centripetal 
Force which it has at B ; then, cd is the fpace fallen in the 
time of defcribing Bd. But Cd or Bn : BE : : (as the fquares 

Bd 2 BF* 

of the times, that is, as) Bd 2 : BF 2 : : -j— : But Bn 


Bd 2 BF 2 

= • Therefore BE = . And BE : BF : BA 

BA BA 

[Ib. fchol. as the fquare of the length applied to the radius ;] 
for the number of reflexions is a velocity or length direXly, 
and the radius reciprocally. 

[ Pr. 7 , cor. 2, in the fame periodical time] Let ac be || 
to RP, and da || to PS (Fig. 4). Then if the periodic times 
be equal, the areas generated in a given infinitely fmall time 
jnuft be equal, that is, the velocities round R and S muft be 
reciprocally as (the -Ls on PG from R and S, that is, as) RP 
and SG. And fuppofing a, c, d, to coincide in P, the force 
round R to the force round S is in the complicate ratio of 
(of ac to ad, or) SG to SP, and the fquares of the times of 
defcribing a given arc, that is reciprocally as the fquares 
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of the velocities, that is, as SG 2 to RP 2 . Therefore the force 
round R to the force round S : : is as SG 3 to SP x RPV 
when the periodical trines are equal. 

.Or thus : let p be the place of the body when the tangent 
pg is || to the line RS. Then the velocities round R and S, 
in the place p, will be equal ; for the fmall areas are equal, 
and their heights are equal, by reafon of the parallels RS, 
pg. Draw TV, tv, and then by fimilar triangles Sp 3 x pv 3 
= Sg 3 x pt 3 . And SP 3 x PV 3 = SG 3 x PT 3 . Then by 
this prop, force round S, in P : force round S, in p : : Sp 2 X 


Sg : 
pv 3 or — 


x pt 3 


SP 2 x PV 3 or 


SG 3 x PT 3 


Sp SP 

And force round S, in p : force round R, in p : : Sp : Rp 
or Sg. 

Alfo force round R, in p : force round R, in P : : RP 2 X PT 3 
: Rp 2 X pt 3 or Sg 2 X pt 3 : : ex eqiio , force round S, in P : force 

SG 3 x PT 3 . 

round R,in P: : RP 2 x PT 3 : — : : SP x RP 2 : SG 3 . 

[Cor. 3, in the fame periodic time] for then the infinitely 
fmall and equal areas will be deferibed in equal times in P, 
and both thefe areas and the forces will be the fame as in a 
circle of the lame curvature with the orbit at P, and therefore 
the forces are the fame as in the foregoing corol. 

[Pr. 8, fch.] let ApD (Fig. 5) be an ellipfis, AP a circle. 
Then rn : Rn : : (pm : Pm : :) qn : Qu. And by divifion, 
qr : QR : : (qn : Qn : :) CD : CA. The force in the ellipfis 

QR x CD) 
CA ' 
_ 2Pm 3 ^2Pm 3 x Sp* 
“ GA^'CA x CD 

There- 


qt* X Sp 1 


QT 1 


qr 

X CA 


QR x CD 


reciprocally = (becaufe qr = 
< -^ = (becaufe ~ 


:(becaufePm- = , pm ^ CAi ) &ZL 


CD* 

fore (becaufe CA, Sp, and CD are given) the force in the ellip- 
fis is cc pm 3 reciprocally. Butin the hyperbola and parabola 
(where CA is negative or infinite) thefe lines are ftill given, 
Und therefore the force in any conic fe&ion is reciprocally as 
mp 3 . 

QT 2 

[Pr. 9, will be changed — ] that is q - ^ - is every where the 
fame ratio, viz. a SP. 
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[Ib. fecond way]. For PV is (by reafon of the given angle 
at P) as the radius of curvature, that is (by reafon of the firni- 
larity of the parts of the figure PQ), as SP. 

[Prop. 10, fecond way. Add the rectangle uPv] for Qv* 
+ uPv = Qv* -f TP + TV x TP — Tv = Qv* + TP 1 — 
Tv 1 ziQT 1 +TP a = fquare of the chord QP ; and Pv X uV + 
uPv = VPv. 

And if the line QV be drawn, and a circle through the 
points PQV ; the triangles PQv and PQ V will be fimilar (the 
<QVP being = QPR = PQv), and therefore Pv : PQ : 
PV-K-. 

[Prop. 10, fch. in the ratio of the diftances from the centre] 
for the fluxion of the ordinates is augmented or diminifhed in 
the fame ratio, and that is as the force. 


SECTION III. 

[Prop. 13, cor. 2]. For, in the demonftrations of prop. ] 1, 
12, and 13, QT 1 is always equal to QR X latus reft um. 

[Prop. 16, cor.] The fourfirft corollaries are general, and 
agree to all conic fe&ions ; the fixth corollary belongs to one 
and the fame parabola. 

[ib. cor. 6, it is more variable] that is, in the ellipfis, the 
ratio of the velocity at a lefs and greater diftance is greater 
than the ratio of the fquare roots of the greater and leffer dif- 
tance : in the hyperbola it is greater ; for the ratio of the 
greater and leffer perpendiculars (which is the fame with this 
ratio of the velocities) is greater than the ratio of the fquare 
roots of the greater and leffer diftances in the ellipfis, and leffer 
than it in the hyperbola ; for in the ellipfis the perpendiculars 
in the greateft and lead diftances are the fame with thefe dif- 
tances; and in the hyperbola the greateft perpendicular 
pollible is that from the focus on the afymptote, and the leaft 
the diftance to the vertex ; alfo (by Conics, prop. 24, ellipfis) 

the perpendicular SY a ^in? s> ^ ee a ^° cor ‘ n* 


[Prop. 17, yet greater velocity] then PH (and PK) will be 
negative. 

[Ib. cor. 2] (Fig. 5) The velocity in a circle is = velocity 
acquired by falling through |DS, by the given centripetal 
force. 
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SECTION IV. 

[Prop. 18, J9> 20.] Two given points or right lines. 

[Prop. 20, cafe 4. But becaufe of the fimilar triangles 
VSH, vsh] ; for (by fimilar As, SVP, shq) SV : SP : : sh : sq 
: : (by fimilar A^, svh, spq) sv : sp. And by the fimilar As 
SHP, sbp) SP : SH : : sp : sh ; ergo SV : SH : : sv : sh ; and 
the angle VSH = psq = vsh. 

[Prop. 21] three — lines. If three tangents be given, you have 
three points Y, from which three equal right lines as YH are 
to be drawn to H, by cafe 3 of the laft lemma. If two tangents 
and a point P, there will be given two points Y, from which 
two equal lines are to be drawn to the focus H, and a third 
point P, from which PH is to be drawn ; by cafe 2, lem. 
In the hyperbola, it is PH — YH = SP. If three points P 
be given, it is done by cafe 1, lem. 16. 

; SECTION V. 

[Lem. 17, in given angles] each to each refpe&ively in 
the fame invariable arlgle, though they are not all equal. 

[Lem. 18, and fo (by fuppofition) — ] for p and b are in the 
curve, and the redangles of the lines from p and P are in the 
given ratio. * 

[lb. fch. if p happens to be in a right line] For if rpq : 

spt : : RPQ : SPT ; and P be placed in pB ; then by fimilar 

triangles pq : PQ : : (pB : PB : :) pt : PT (Fig. 6) ; and rp : 

RP : : (Cp : CP : :) ps : PS. And by multiplying you have 

rpq : RPQ : : spt : SPT ; which agrees with the lemma. But 

if P is placed out of pB, as at n ; then becaufe the ratio 

RnQ . , RPQ . . - ' . rpq _ . _ 

gjjTjr 1S greater than gpjrj it is alfo greater than which 

is againft the hypothefis (Fig. 6). 

. if P is placed in DC, then rpq will be = 0, and therefor^ 
RPQ = 0; and P will alfo be placed in DC. 

[Ib f If the two oppofite angles] (Fig. 7) The As PCR* 
PBT are fimilar, for the angles at S and T are right, and C 
3= B, being on the fame arc PD ; therefore PR : PC : : PT 
: PB ; and the triangles PBQ and SCP are fimilar, for the 
angles at S, Q are right, and SCP = PBA ; therefore PC : 
PS : : PB : PQ; and, r* equo, PR x PQ = PS X FT; 
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and, e contra , if PR x PQ = PS x PT, the locus of the 
ppint P is a circle. 

And if thefe lines are not perpendicular, yet, lince their 
lengths will be reciprocally as the fines of the angles, it will 
follow that PQ X PR : PS X PI : : fine of S x S of T : fine 
of Q x fine of R, and the contrary. . 

[Ib. and one or two] (Fig. 8) If the point Bbe fuppofed 
to move towards A, and at laft to coincide with it, fo that AB 
become a tangent at A, the lemma will ftill hold. And if B 
pafs beyond A, then the figure will be converted into this 
BECBEAB; the lemma will ftill hold as before: and if 
B move to an infinite diftance, then DB, AB will be parallels ; 
and C alfo, then DC, AC will alfo be parallel ; and alfo 
the conic fe&ion palling through A and D will pafs on infi- 
nitely towards C and B. 

[Lem. 19.] This may be refolved as prob. 1C, in the 
Univerfal Arithmetic. 

[Lem. 20.] Here is another figure relating to this lemma 
(Fig. 9). . 

[Lem. 21. Therefore (by lem. 20) the point D] for the 
angles CPR, BPT, CPB are given, and therefore the lines 
PT, PR. (to which the fides AQ, AS of the parallelogram are 
parallel) are given by pofition (See fig. above). 

Here is another figure of lem. 21 (Fig. 10). This lemma is 
the fame with prob. 53, of the Univerfal Arithmetic. 

[Prop. 22.] (Fig. 11) This is the fame with prob. 55, in 
the author’s Univerfal Arithmetic. 

[Prop. 23, cafe 1.] This is the fame with prob. 56, of the 
Univerfal Arithmetic, or prob. 57. 

[Prop. 23 (Fig. 11), cafe 2. HA 2 will become to AI 1 ] for let 
n be a point in the conic fe<ftion infinitely near a, through both 
which the . line ih paffes; then ih is a tangent at a. Then 
(cor. 4, prop. 44, b. I. my Conics) it will be, bgd : bhd : : pgc 


, bhd X pgc , , . , . . . u 

: xhy = b g d‘ Sm ~* anC * ina > or ” a : iau > or la : : or 


bhd x pgc . , , . , , 

• — ■: pic : : bhd X pgc : pic X bgd. 

[Prop. 24, — will (by the properties of the conic fe&ions)] 
(Fig. 12) becaufe any tangent may be fuppofed to cut the 
curve in two points infinitely near each other, therefore 
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(by cor. 4, prop. 44, b. I. Eilipfis) thefe proportions follow’. 
Alfo draw kw || to ga, to interfedl pg, and let nk 4 == tkw. 
Then tkw or nk 4 : ha 2, : : dkb : bhd : : kr 4 : hr 4 . And nk : ha 
: : kr : hr. And n, r, a, fall in one right line. Again, kn : 
ga : : kp 4 : gp 4 ; and kn : gn : : kp : gp. Whence d, p, a fall 
in one right line. And therefore the points p, r, a, are in one 
right line. 

[Lem. 22. Thus any right lines converging] Let the 
lines be kg, kh (Fig. 13). Draw OB, OeD, and pe || tonB. 
Let m, q, be the projedied points of f and h. Then (becaufe 
in the point B, OB z: OD) mn (or Bn — Bm) = fr. Alfo 
qp (or ep — eq) : hg (or Dg — Dh) : : Oe : OD : : AB : AD 
: : fr, or mn : hg. Therefore qp = mn, therefore pri, qm 
(which are the projedied lines of gr, hf), are parallel. 

[Ib. we (hall have the folution required]. (Fig. 13) For the 
figure hgi fuppofed now to be given, may be transformed in- 
to the firft figure HGI, by making as Od to dg, fo is OD to 
DG parallel to the radius AO. 

[Ib. For as often as two conic fedlions] For thefe conic 
fedlions being transformed into Ampler ones, give the point of 
interfedlion ; and thereby is had an ordinate drawn from that 
point of interfedlion in the transformed curves, correfponding 
to the interfedlion of the given curves. 

[Prop. 25.] Let KG, KH, be(Fig. 14) two tangents meeting 
in K,yx the third tangent meeting ba in y. Let the lines KH, 
KG, be projedied in ki, lh ; andyb, yx, into kl, ih ; then you 
have the parallelogram liikl ; then proceed according to the 
propofition. 

[Ib. For by the properties of the conic fedlions] (by cor. 4, 
prop. 44, Conics 1 ). 

{Ib. But according as the points.] (Fig. 15) This is plain 
from the nature of the eilipfis and (Fig. ]6) hyperbola; and 
the figure cannot be a parabola, by reafon of two parallel 
tangents ih and kl. 

[Lem. 23.] The lemma is univerfal, as will appear by ap- 
plying the demonflration to this figure 17* 

[Lem. 24, from the nature of the conic fedlions] (by prop. 
46, b. I. of my Conic Sedlions). 
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[Ib. cor. 1.] This holds as well (Fig. 18) when the tan- 
gent FG is on the other fide. 

[Lem. 25, alfo KH is to HL] (by cor. 1, lem. 24) for the 
tangents FH, LH, cut the parallel tangents ML, IK, in F 
and K. 

[Lem. 25, cor. 2.] This (Fig. 19 ) holds as well when qe is 
on the other fide of the figure; for in all cafes (by cor. 1) 
KQ x ME is given wherever the points Q, E fall, as fuppofe 
in q, e ; for(by cor. 1, lem. 24) Bq : AM, or BK : : el : eM ; 
and, by divifion, Kq : BK : : MI : eM. And Kq x eM = 
BK X MI = (by the prop.) KQ x ME; and KQ: Me : : 
(Kq : ME : :) Qq : Ee. 

[Ib. cor. 3.] for fince eM : ME : : QK : Kq $ therefore (by 
lemma 23) if the right lines eQ, MK, and Eq, be. drawn, 
the points of bife&ion will be placed in a right line given in 
pofition. 

[Prop. 27> fch. defcribe the circle BKGC.] for the angle 
BKC (which is equal to the fum of the given angles PBK and 
KCP) is always given. 

[lb. and when thofe other legs CK, BK] For it nluft be 
obferved, that when the lines BP, CP, touch the curve at an 
infinite diftance, that thefe lines are parallel to one another, 
and to the afymptote. Then, to know the pofition of the 
afymptote, as the lines Bk, Ck revolve round the circle, the 
interfe&ion k will fometimes fall into the line MN, as at the 
point N ; then BN is parallel to one afymptote ; for the inter- 
feron muft neceffarily fall in the line MN. And for the fame 
reafon the line BM will be parallel to the other afymptote. 
And, therefore, if the angle between them be bife&ed by the 
line OH (which is done by the perp. OH), then that line is 
the greater axis, or parallel to it. 

[Ib. fch. But the fquares of the axes] For the angle NBM 
= angle between the afymptotes = NLM, and NLH = half 
the angle of the afymptotes. Therefore LH is to HN as the 
tranfverfe to the conjugate. And the fquares of thefe axes 
are as LH* to HN a , or as HN a to HK*, that is, as LH to HK. 

[Ib. There are alfo other lemmas] For if the fe&ions (Fig. 
€0) are fimilar, and in fimilar pofition, and concentric, the 
V ol* III. H 
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tangent aeb inc is parallel to the tangent.dxe in x, and there* 

fore ab the ordinate is bife&ed in c the point of conta&. 

[Lem. 26, cor.] This is the fame with prob. 32, of die 
Univerlal Arithmetic. 

[Lem. 27, cor. in the conftru&ion] for then IH : HF : : 
(iX : XY : :) ih : hf. And IH : HG : : (iL : LM : :) ih : 
hg. Or, if it be made as iL : : LM : : IH : HG, k will be ih : 
hf : : IH : HF ; therefore, on the contrary, if it be 
ih : hf : : (iE : £V : ; iX : XY : :) IH : HF, it will be iL : 
LM : : IH : HG, which comes to the former confitu&ion. 
For the folution of prop. 22,23, 24, 25, 26, 27, fee prop. 70, 
71, 72, 73, 74, 75, b. III. my Conic Se&ions* 

[Prop. 2Q, fch.] Make alfo KA to AS (Fig. 21), and LT 
to AT, as HG to GF, and draw MS, NA. Then the figures 
SAKM and ATLN are fipiilar to FGHI; and fince three of the 
angles S, A, K, or A, T, L, are in the proper lines CB, ED, 
DB, if the fourth angle M or N was in the fourth line EC, 
the problem would be rightly conftrufted. Therefore it is 
plain its place can be no where but where the line MN in- 
terfecSls EC, as at i, which is the place of the angle I. 

Now we are to prove that PQ cuts BA in f, where F is to be 
placed. The triangle FGI is fimilar to PEi (by conftru&ion), 
and fuppofe them fimilar to fgi ; then the triangles Pfi and 
Egi are alfo fimilar; for the angles at i are equal, and the 
fides about thefe angles proportional ; therefore the angle 
Egi = Pfi ; and fince goi = Qof, oQf or PQE will berzf ig. 
So that to have fig fimilar to FIG, PQF mull interfe& Eg in 
Q, to make the < PQE=F1G ; and the reft follows of courfe. 
SECTION VI. 

[Prop. 30, cor. 1 .] For the times are as the areas, that is, 
as^-GH x AS to | x AS x 2AS. 

[Ib. cor. 2.] For wherever the point P falls, viz. infinitely 
near A, ftill ^GH x AS (= area APS) = |AP x AS. And 
8GH = SAP. Therefore GH or the velocity of H : AP, 
or the velocity of P : : 3 : 8. But the velocity of H is every 
where the lame, for always £GH x AS = area ASP. And 
GH a ASP a time of delcribing AP. 
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[lb, cor. 3.] For AP is the chord of a circle palling through 
A, S, P,, and whpfe centre is H. 

[Prop. 31 r as GK the difference] For when F comes to 
touch the line GH, the point A will be diflant towards G 
from the line FQO (which will then be ± to GH) by the fine 
AOR or AOQ, and is then at L ; therefore GK =: arc 
GF — fine of the arc AQ. And GK is as the time, and 
fo it was, in the conflrmSion ; therefore the point P is rightly 
found. 

[Ib. fchoh but fince] This is demonftrated in KeiPs Aftron. 
Le&ures, p. 280, 297 (Fig. 22), or thus : Let AON = N 
(Fig. 23). Since (AB : SH : :) OQ : OS : : 37,29578 : B, 
therefore B = OS in degrees of the circle AQ. And fince 
(rad. : fine of AOQ : :) SO : SF : : B-: D, then will SF = D 
in degrees. Let q be the true place of the body ; Q. the af- 
fumed place. Now fince the time is as the area SAQ zz OAQ 
OA 

+ SOQ = QA + SF x — l therefore the time is as 

AQ ± SF ; and, therefore, nearly as AQ ± D, but accu- 
rately as Aq ± SE. Take N<J> = I). Now OE : OQ : : (LE 
or SE — SF or) Nq ± N<£, or qCp or Q$ — qQ : Qq. And 
Q(p : Qq : : QE : OQ, by compofition, and becaufe QE zz 

OQ± OE. But, by conftruaion, OQ And rad. 

R 


(R) : cof. of AOQ : : SO : OF or OE, therefore OE = 
SO, x cof. AOQ' Wherefore . Q q . . ( Q E =) os x L 


R 


R 


, SO x cof. AQ. OS x L T . . n T 
± jj . — ^ : : L± cof. AQ: L. But N — 


AOQ + D = (AN — AQ + N<p =) Q<p. Therefore Qq 
E, and AOq ~ AOQ + QOq — AOQ + E, nearly ; 
and therefore E is rightly found. And, repeating the 
fame work with thefe new angles, there will be found the 
angles F, G, H, I. 

[Ib- the area AIKP will be given] (Fig. 23) by prop. 87, 
cor 2, andfchol. my Conic Sedions, b. II. Alfo AIKP = 
OPA, by cor. 1, prop. 86, ib. 


H 2 
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Alfo area defcribed = ASQ = ASP + PSQ — ASP + 
PQ x |SN (nearly) = A (by fuppofition) ; therefore A — 

ASP = |SN X PQ ; and PQ = > nearly. 

[Ib. and by fuch computations. — But the particular (Fig. 
24) calculus] with the radius 1 and centre H defcribe the cir- 
cle RSE; and draw SP, Sp, HPT, Hpf. Let fall the per- 
pendiculars pt, pu, upon the lines HP, SP ; which will be 
equal, becaufe the angles pPt (HPB) and pPn are equal. 

Let the arc RT = z, fine TQ = s, cof. HQ = x, SP 
= y, HP = v, AO or OB = a, SO or OH = n, OD = c, 
T = mean anomaly, 1 = latusreSlum. 

By fimilar fedors, HT (t) : HP (v) : : Tf (z) : pt or pn =: 

vz. And the area ~ = fluxion of BPS. But 


(cor. 2, prop. 23, ellipfis) vy = cc + — X PM% and (cor. 


3, prop. 72, ib.) HP or 


cc ^ 
a -J- nx/ 


: : s : PM = 


v = 5 and rad. (1) : PH 

a + nx • 

CCS 

— 5 therefore, vy =s cc + 

a + nx 


nnccss 


s _ „ T ♦ -pinccssz , • 

and area SPp = |ccz + «— = 4ccz + 

a + nx a aa + 2anx, &c. 


* ^ i • • • • CC 

nnccssz n c s xz . Butsz = — x, and xz = s, and — 

2aa a 3 > * 

Jnnlsx n 3 lsss 


2aa 


rz |1 ; therefore the area SPp = |alz 

and the fluent BSP = X area EHQT - 

rj nn i n 3 ls 3 

and, corroded, BSP = “ + ^ X area RTQ — gj* 

But RTQ = f z — ixs. Whence BSP = Jalz + x 


n 3 ls 3 2aa -f nn 
6aa 


xt i .. — i 

\z — fxs — rz — = - Iz — X — + 


8a 


nnls 

aa 


ax 

8 


nss 

- • 

6 


Digitized by LjOOQ le 



mm. 


paaer/oi. 



Digitized by 


Google 



ON THE PRINCIPlA. 


101 


8nns 


And dividing, z - 2aJ +ann 

anomaly. Whence z rs T + 
4n 3 


ax nss m 
x — + s: T, the mean 


8 ‘ 6 
nn 


. . „ X S.2T + 

4aa + 2nn 

X S.T 3 , becaufe T is nearly = z, and 2xs == 


6a 3 + 3ann 

S.2T. But lince n is very fmall by fuppofition, z = T + 


nn 


. o mi 


X S.$T + ^~xS.T 3 * Where the quantities x 
4aa 3a 4aa 

2n 3 — j 

S. fT, and — j X S.T| are fmall arcs to be added to T. 

3a 


np _ 

Now D = c = - x a — c; and D X AO -f OD =: 

a a 


cnn 


- x aa — cc = — = nn nearly, becaufe c = a, very near. 
Therefore s.Y : rad. (1) : : nn ; 4aa, ands.Y or Y (in fmall 
arcs) = i a ^° V : Y : : ST : rad. (1), and V ss Y x 


S.2T = ~ x S.2T, which is our firft term, or his firft 
4aa 

equation. 

4nc - , . . 

Again; S.Z :rad.(l): : 4nD,or — X a — c : 3AO*, or 3aa, 

a 


4nc 


cc 


and S.Z = — r x a — c. But a + cxa — c r aa 
3a 3 

r= nn, and a — c = " — — nearly ; therefore S.Z ss 

, a + c 2a J ■ 

4nc nn 2n 3 c 2n 3 , 

M nearly> Alf ° X:Z::ST :rad *f , >* 

— 2n 3 - . . 

And X = Zx S.T 3 = X S.T 3 ? which is the fecond term, 

or his lecond equation. And when T is above 90°, then S.2T 
and V will be negative, and <BHP = T + X ± V. 

He calls Y or the greateft firft equation, becaufe it is 
4aa • 

2n 3 

greateft when S.SfT ss 1, andT 45°; and Z or the 

H 3 
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greatell fecond equation, becaufe the greateft it can be is when 

ST J = 1, orT = 90°. 

SECTION VII. 

[Prop. 33, to AB the principal femi-diameter] this ftiould 
be f AB. 

[lb. cor. 2] for the two firft terms of the prop, are in a ratio 
of equality, and fo the two laft. 

[Prop. 34. For (bj cor. 7 , prop.’ 16 )], and cor. 6, prop. 4. 

[Prop. 35. The fame things fuppofed] to wit, that the fpace 
CS is as the area SDE of the circle, re&angled hyperbola, or 
parabola. 

[Prop. 37 , as appears by prop. 34] and cor. 7 , prop. 16. 

[Prop. 38, acquire the velocity CD] (Fig. 25) by prop. 10, 
cor. 2. The periodical times of the ellipfes AD and AP are 
equal. The time of describing AP is (as APS, that is, as ADS 
or) as AD. Let the ellipfis AP coincide with AC, and the 
time of defcribing AC will Hill be as AD. Farther; draw 
cd || to CD ; becaufe the time of defcribing the whole ellipfes 
ADd, APp, are equal, therefore in equal times they defcribe 
areas which are as the whole ellipfes, that is, as CD to CP, 
or ADS to APS. Wherefore in the time D describes AD or 
Dd, P defcribes AP or Pp, and (when P coincides with C) 
C defcribes AC or Cc ; therefore the velocity of D : to velo- 
city of C : : is as Dd : Cc : : or as SD to CD ; but SD and 
the velocity of D is given ; therefore the velocity of C is 
as CD. 

[Prop. 39, cor. 2, 3 In thefe cor. the line PD is the fpace 
the body would afcend to, or fall from (to acquire the velo- 
city it is projected with), by a uniform centripetal force, ac- 
cording to cor. 1. 

SECTION VIII. 

[Prop. 40, cor. 1.] This is evident, by fuppofing ITK 
convex towards C. 

[Ib. cor. 2.] For by fluxions, let AC s=P, CD = A^x 
(Fig. 26). Then DG a x n — 1 (by hyp. and prop. 39 ), and 

DEFG = fluxion of the area a x ft — *x. And the area 
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35ChG a — * And when x becomes s= p, the area AChB 
n r 

cc — • Therefore ADGB oc — • And, therefore, by 

n n J 

prop. 39> the velocity in D, at the diftance A or x, is oc 

P 11 -- 

\S— — • j or (becaufe n is given, and x t= A) as ^/P n — A“. 

N. B. If the force is reciprocally as the diftance, the curve 
BGh will be a re&angled hyperbola to the afymptotes AC, 

Ch ; for DG a ^ = (fuppofe to) And DG x CD 

z= bb, which is the known property of the hyperbola. And 
the velocity at C will be infinite, for the area ABhC is infinite. 
And the velocity at any place D is as the hyperbolic area 
ABGD, which may be found by Stone’s Fluxions, p. 54; or 
by cor. 2, prop. 87, book II. my Conic Sections. 

[Prop. 41. — in the traje&ories found.] One being given 
to find the other. 

[Ib. given the circle VR] that is, CV is known. 

[Ib. in the leaft given time,] thefe finall parts of time are 
taken conftant and invariable. 

[Ib. and the triangle IGK] that is, the triangle will be in- 
Tariable. 

[Ib. and fuppofe the magnitude of Q,] This quantity is 
any conftant quantity, but unknown. Suppofe in forne cafe 

V^ABF D = b x IK, and Zzbx KN. And in all cafes 
(by prop. 40) %/ ARFD = b x IK ; and in all cafes Z or 

j = b X KN, that is, in all cafes Q = b X A X KN; 

which is plain, becaufe Q and A x KN are conftant quan- 
tities : therefore if it be once y/ABFD : Z : : KI : KN, or 
b X IK : b X KN : : KI : KN, it will always be fo. 

In this prop, the liege CE is indetermined ; and if Q were 
Jcnown, the areas of the curves abz and acx might be known 
to any drftance CE. 

[Ib. cor. 3.] In Fig. 4, Newt. Let CA = a, CV == r, CD 
= x, DF = y, y/aa — rr = n. 

H 4 
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Then the force DF being as -j» the fluxion of die area 

X 

— x 1 

ABFD is — ■ > and the fluent as — ; and corre&ed, the fluent 
x 3 2x*’ 


aa 


xx 


IS zz 


is as 


gaaxx 

✓aa — xx 

»• 

ax 


zz area ABFD. Therefore the velocity atD 
Then, 


1. Suppofe a infinite, and x r= r, then the area ^/ABFD 
^ aa 1 

becomes — =-• And fince at V the orbit IV is perp. to 

CV, therefore IK zz KN, and ✓ ABFD = Z that is, 

i = and Q = 1, and Z = i ; alfo y'ABFD - 
V' aa — 


^ zz — = — at any place I ; and fince ✓ABFD 
ax x f 


ax iix x 

[l) : z (x) : : IK : KN) therefore TK = and IN = o; 

therefore in this cafe the orbit is a circle, as VXR. 

2. If a be lefs than infinite, and fince at V the orbit is 
perp. to CV as before, therefore IK zz KN, and ✓ABFD rz 

Q tLl . ✓aa — rr Q n Q n 

— j that is, zz — j or — zz —5 andQ = -• Whence 

r ar r ar r a 


Z zz — • Therefore Db zz - x 
ax a. 


1 


^/aa — xx nn 


n 

2a 


✓- 


aaxx 


nx 


— xx Qx/rt' 


XX 


And Dc = x Db ss 


■ '■ — 7=9 and flux, of the area VacD zz 

fixv/ rr — xx 

zz fluxion of the fe6tor VCX, and the FI. : 
Zz fe&or VCX, which is as the angle VCX. 


nrrx 

%x\/rr — xx 
nrrx 

2x^/rr — xx 
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But, putting femi-conjugate = c, CH := Z, the hyper- 

rcz rr 

bolic'fe&or VCR = FI. : — r rr > and CT = — — x, 

9,%/zz — rr z 

and z = Then inftead of z and z, putting their values, we 


lhall have the hyp. fe&or VCR = FI. : = — 

V 2xv/rr — xx R 

X cir. fe&or VCX. Therefore when x zz CT, the hyp. 
fe6lor VCR : cir. fe<5ior CVX : : c : n ; that is, becaufe the 
angle VCX is as the fedlor CVX, the angle VCX is to the 
hyper, fe^tor VCR in a given ratio. And fince CT or x con- 
tinually decreases as the fe6tor VCR increafes, the body P 
draws continually nearer the centre C. 

3. If the velocity be greater than falling from an infinite 


height, the flux, area ABFD 


_j_ x — ] 

— — y and the fluent - — 4 


But at firft the area (fuppofe) = — 5 and x = a, an infinite 
line; therefore ABFD — j ■ = ik — and 

ABFD = ^ + XX . Therefore v'ABFD is a* 

2 2aaxx 

^bbaajcx + xx-aa _ <fe fub ftitution) %/5SEZT“. 
aaxx aaxx 

But m V, x =: r, and */ABFD = s/*— — ~ zz and 

aarr r 


= and Z ' = - =v/ s £LZl 


V arr — aa 
— aa __ i 


- */ 3IT — 


Then Dl» 


2v/ xx — rr 


= (by fubftitution) —~^===.i and Dc = ~ X Db = 

Arr » therefore, Arrx — - = flux, area VacD, 

2x\/ xx — rr 2x\/ xx — rr 
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Arrx 


L= = fe&or VCX, 

— rr * 


or of VCX. And the FI. : 

— rr 

which is as the angle VCX. 

But in the ellipiis VRS let CH = z(Fig. 27), femi-con- 
jugate = c. Then the elliptic fe&or VCR = FI. : 
rr rr 

rcz ==s > and CT = — = x, and z = — > and z = 

£y /rr-zz z 

rrx f Then putting for z and z their values, and the eilip. 
xx 


— errx c 

fetftor VCR = FI.: - : - r = -r X cir.fedlorVCX; 

* 2x ^/xx — rr A 

therefore when x = CT, the eilip. fedtor VCR : cir. feftor 
VCX : : c : A ; that is, becaufe the angle VCX is as the fee- 
tor VCX, the angle VCX is to the elliptic fedlor VCR in a 
•given ratio. And fince CT or x continually increafes as the 
left or VCR increafes, the body P goes continually farther 
.and farther from the centre C. 

[Ib. and the centripetal force becoming centrifugual] for 
then the curve VPQ will turn upwards ; and, the law of the 
force being the fame, it will be conftru&ed the fame way by 
the elliptic fedtors, taking the point A between C and V. 
And here the velocity will increafe as it recedes from the 
centre C. But it can never revolve round this centre. 
SECTION IX. 

[Pr. 44, or in antecedentia with a celerity] for then the 
line mnC falls beyond s, sr being = rk, and sCk = 2rCk ; 
and consequently the point m falls without the circle. 

[lb. and with a lefs force] if the orbit moves flower in 
antecedentia than with twice the celerity of CP in cdnfequen- 
tia ; for then the point m falls within the circle, between r 
and s. 

The meaning of this prop, is this, — that the difference of 
the forces at different diftances from the centre are recipro- 
cally as the cubes of the diftances (which forces are requiiite 
to make the body move in a quiefeent or revolving orbit, 
and the diftances to be the fame in both). 
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. [Ib. cor. 1.] For mn reprefents the difference of the forces 
by which p revolves to n, or P to K, in equal times; and the 
verfed fine of RK reprefents the force whereby a body moves 
from R to K in the circle in the fame time. 

[Ib. cor. 2. as half the latus re&utn ] for thefe forces are as 

nr 1 bci* 

bn or ar to bp or as. But ar = — pr- = — . And asD 

I'D a D 

x -r\' r> j t\ sp* x aD ab* x aD 
! S P : : aI) - 2R; and asD = • and 

ab l x aD ab 1 b a » 

' “ “ sD x 2R = ir* Whence lbefe forces ar e as 


-J and . the force in 


to or as R to aC or CV, in Fig. 2, PI. 1 8. 

[lb. cor. 3.] For let the force in the immoveable ellipfis 

. FFA ' . ... - FFT FF 

be -^rr , and m V- it will be or-^jp. And the force 

by whidh a body may revolve in a circle at the diftance CV 
FFR 

is — ip — . And the difference of the forces in V (of revolv- 

qqjI FFR 

ing in the moveable and immoveable ellipfis) is— — ^ 

| • j . . GGR — FFR 

and m every altitude A is ^ j and . the force in 

the moveable ellipfis will be —^5 b # 

[Ib. cor. 4.] After the fame manner as in the two fore- 
going corollaries ; becaufe when the velocity is given, the 
force a curvature or reciprocally a radius of curvature ; 
VFF RVFF 

therefore T : R : : - 7 = ^ - : — rp — 5 which is the force there- 
with a body may revolve in a circle at the diftance CV. And, 

RVFF RVGG RVFF 

by cor. 1, FF : GG — FF : ^ ^ — — > 

which is the difference of the forces (in the moveable and im- 
moveable orbits) in the vertex V. And by the prop* 

RVGG — RVFF . RVGG — RVFF , . f , 

: : r— -jj — ; which is the dit- 
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fererice of forces in every altitude A ; and therefore the force in 

the moveable traje&ory upk will be X + — ~ 

A 

[lb. cor. 6.] In this cor.X = o, and RVGG — RVFFis com- 
pounded of all given quantities, and the force in Vpk will then 

be a This alfo appears from the prop, for the differ- 
ence of the forces in P and p is as *=^7, but the force in one 
of them, viz. at P, in the line VP, is o ; and therefore the other 


force in Vpk is the difference of the forces, and is as jr-z* Alfo 

Cp 

this curve is the fame with (Fig. 28) that in cor. 3, pr. 41 ; for let 
vad be acircle ; and by this eor. 6, < vcp a < vcz a arc va a 
area vca a area vcb, which is the conftru&ion in cor. 3, pr. 
41 ; alfo cp = cz or cx, becaufe vz, ax, and bx are tangents, 
which is alfo the fame conftru&ion as in cor. 3, pr. 41. 

[Pr- 45 (Fig. 29), but orbits acquire the fame figure] Let 
the finall parts of the curve df, fh, hp, &c. be defcribed by a 
body A in indefinitely fmall given parts of time. And let 
another body B go from d in the fame dire<ftion de, and with 
a velocity which is to the velocity of the former in the fub- 
duplicate ratio of the centripetal force of B to that of A ; and 
let it arrive at s in the aforefaid fmall given part of time. 
Now fince ef : rs : : force of A : force of B : : velocity* of 
A : vel.* of B : : de* : dr* : : fquare of the time of B’s moving 
through de : fquare of the time of B’s moving through dr; 
therefore, by lem. 10, the body B will pafs through f. And 
fince rs is every where as rd*, it is evident the fame curve dsf 
will be defcribed by both bodies, and which de, fg touches 
in d, f. Alfo the velocity of A in f : vel. of A in d : : as per- 
pendicular from C on de : to -L on fg : : vel. of B in f : vel. 
of B in d : : And vel. of A in f : velocity of B in f : : vel. A 
ind : vel. of B in d : : de : dr; that is, in a given ratio; 
that is, fg : to fk, and hn to hi, and px to pt are in a given 
ratio ; and therefore when A is arrived at g, B would be at k; 
and fince gh : ki : : gf* : kf* : : ed 1 : rd* : : ef : rs ; or gh : ef 
: : ki : rs; that is, the centripetal of A to that of B at equal 
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diftances being in a given ratio, B will pafs through i, and con- 
fequently through h. After the fame manner itmay be prov- 
ed that the body B will pafs through the points m, p, u, 
y, and defcribe the fame curve with the body A. 

Farther ; if another body D move through 0y || to de, and 
with a velocity which is to the velocity of A as C$ to Cd, 
and be a&ed upon by a force which in the points fi, J, z, 8tc. 
is to the force in the points d, f, h, & c. refpe&ively, as C/J to 
Cd, CJ to Cf, Cz to Ch, & c. ; then, 1 fay, the curve defcribed 
by the body D, viz. f}Sz@w, will be (imilar to the curve dfhpy ; 
for in the time that A would arrive at e, D would arrive at y ; 
and becaufe Gy : Ce : : C/} : Cd : : force at 0 : force at d : : yj : 
ef : : Cy — yS or CJ : Ce — ef or Cf ; and C0 : CJ : : Cd : Cf ; yj 
is every where as y/} 1 in all the points between (l and y (by lent. 
10), it is manifeft the fig. C flj is fimilar to the fig. Cdf, and 
the tangent St |) to fg; and becaufe the areas Cgf : Cfd : : 
c a : CSfl ; wherefore when A comes to g, D comes to £ ; but 
gh : rz : : Cf : CJ : : Cg : Cf : : Ch : Cz, as before; and Cf : 
Ch : : CJ : Cz, whence the fig. Cjz is fimilar to Cfh; and 
after the fame manner it will be proved that the nafcent figures. 
Cz<p, C 0a, are fimilar to Clip, Cpy ; and therefore the whole 
iigure fijz <J>u is fimilar to the figure dfhpy. 

Or univerfally, if the orbits 0J<p and dfp are fimilar, Cfi 


art 

cc yj a force X time 2 of defcribin^ /3S a force X — r- 

° velocity 2 


cc force X (Fig. 30) 


Cf 


Therefore velocity 2 a 


velocity 2 

force x diftance C/3. Whence if Cj3 be given, velocity a 
force; and if velocity a C/5, force a C/S alfo, which 
agrees with what went before. If the force be given, velo- 


1 

Jocity cc v C0- If velocity be given, force a 


[ib. exam. 1, 1. S.] here 


T 3 — 3TTX 4- 3TX 2 — X* 


is 


twice repeated in the Englifli, which is wrong. 

[Ib. By this collation of the terms] for fince the fame 
figure will be defcribed by making the centripetal force pro- 
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portional at equal diftances (altering the velocity in the fub- 
duplicate ratio of the force) ; and fince, when R is nearly = 
T, and x very fmall, the centripetal force in the revolving 
ellipfis will be as RGG — FFx, and in this orbifc (becaufe in 
both the denominator A 3 is the fame) is as T 3 3TTx, there- 
fore thefe forces ought to be proportional at all diftances* viz. 
when x -O, and any other indeterminate diftance A or T 
x; wherefore (in thefe two cafes) RGG : T 3 : : RGG FFx 
: X 3 — 3TTx : : (and by divifion) FFx : sTTx : : FF : 3TT, which 
is the conftru&ion of the problem. After the fame manner, in 
example 2, the centripetal force in the revolving ellipfis, and 
this new orbit, will be asRGG — FFx, and T“ 5 - n T* x„ and 
to have the orbits fimilar, putting x == o, RGG : T* : : (putting 
T — x for any indeterminate diftance) RQG FFx : T a n 
T a — *x : : (by divifion) FFx : nT a *x • • FF : nT® 
After the fame manner, in example 3, it will be RGG : bT“ 
+ cT n : : (RGG — FFx : bT* + cT n — mbT®— l x — 
ncT^-’x) : : FFx : mbT®^ X x + ncT^'x. Or GG : 
bT® — 1 + cT n — 1 : : FF : rnbT m— 1 + ncT n—x . The quan- 
tity as (i Q cor. 2, pr. 44) is univerfally 

J AA A 

as the centripetal force, whether the apfides move backwards 
or forwards ; for G : F : : VCp : VCP : : (p. 119) pCn : pCfc. 
And the force in the revolving ellipfis is greater than 
in the immoveable one, when n (Fig. 2) is without the 
line ks ; and in that cafe (F is lefs than G, and) 

+ — — will be affirmative. But the force is lefs 

At 

when n falls between k and s, for then (F is greater than G, 

, RGG— RFF. . . 

and) + is negative, as it ought to be. 

SECTION X. 

[Pr. 50, it is evident from the conftra&ion] Since VP 
touches the curve in P, and PB is JL thereto, therefore 
B is the point of con ta 61 of the circle AD, apd the wheel 
or generating circle, and therefore BV =z AO. Alfo fince 
WT is JL to TV, therefore V is the point of contact 
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of the generating circle (whofe diameter is YW ) and OS ; 
whence VW = OR. The figures are iimilar, becaufe their 
axes are as the radii of the fpheres. 

[Pr. 52, hence fince in unequal — ] fuppofe TR to he 
a fmaller ofcillation, to find the velocity in I; take st : SR : : 
TI :TR; then velocity at R in the arc TR : velocity at R in- 
SR : : TR : SR; and velocity at I in TR : velocity at R in 
TR : : (prop. 51) velocity at t in SR : velocity at R in SR : : 

V / SR 1 ~ tR* : SR. And, ex equo , velocity at I in TR : 

TR 

velocity at R in SR : : TR V SR 1 — tR 1 : SR* : : — 


y/SR* — tR* ; SR : : (becaufe SR : TR ; : tR : 1R as) 
^ TR r — 1R 1 : SR. 

[lb. There are obtained from the times given] for in two 
unequal arcs two correfponding parts are defcribed in equal 
times (by prop. 51); therefore the velocities in thefe points 
will be as the entire arcs; and therefore both the velocities 
and arcs will be known. 

[lb. And if the abfolute force of any globe] that is, the 
force at a given diftance be called V, then the force at the 
dillance CO is CO x V. But in a given time HY is as the 
force; whence CO X V is as HY, and therefore HY is de- 
fcribed in a given time. 

[Ib. cor. 1. For this time] for then AR =r AC, and 
V is given : therefore, this time : time of $ ofcillation : : 


^-AC . ^AR . : ; v/£R 
AC AC - AC 


[lb. cor 2. But in that cafe] for (in Fig. 2, PI. 19), by cor. 
1, 2, prop. 49, AS : Bv : : PS : PV : : 2CE : CB (in this 
cafe as) : : 2 : 1 : : (and by divifion) AP : BV — PV ; 
whence AP = 2BV — 2PV ; but verfed fine of -]PB = 


— *7 , for cofine = |PV ; and iVB - iVP = verfed 
2 


fine. 

[Ib. as M. Huygens] all this is demonftrated in Keifs Phi- 
lofophy. See my large book of Mechanics, prop. 40, 
cor. 4. 
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[Pr. 56, let the proje&ion] T is proje&ed into P, atid t 
into p. 

[Ib. as alfo its pofition] The greater axis 2Tt is perpendi- 
cular to PO. 

area OPd 

[Ib. and fince the area POp] for let (Fig. 31) Qp — - 

r: sp, which is given (sp being JL to PO) ; and PB* : Pr* : : 
PB 1 — SP 1 : PS 1 ; whence Ps is given, and thence SO, the 
angle POp, Op, and Pp, the point p, and angle OPp. 
SECTION XI. 

[Pr. 57, and about each other] confidering either body 
as at reft. 

[Pr. 58, by the fame forces there may be defcribed, &c.] 
that is, by making the velocity to the former velocity as 

(^/sp to \/CP, that is, as) -f S to y/S, as appears by 
the prop. 

[Pr. 60, in a ratio fefquiplicate] it fhould be fubfefquipli- 
cate. 

[Ib. of the other ellipfis,] As S| : S + P-y. Let S£ : a : e : 
STHbe Then : IsT+Hpy : : (S : a 3 *: :) e 3 : 

But (fince S -f P : e 3 : : a 3 : s) e 3 is the firft of two mean 
proportionals between S + P and S. 

[Pr. 6l .] Note, if a body were placed in the centre of gra- 
vity, and whofe force would be fufficient to caufe one of the 
bodies. to revolve around it, and to defcribe the fame figure, 
yet it would not caufe the other body (if it were unequal) 
to defcribe its figure, except in that law of centripetal force 
which is as the diftance, where the periodic times are all 
equal. For, to preferve the fame motion as before, either 
body mud be attra&ed to the body in the centre of gravity 
with a force which is as the other body, or as its own diftance, 
which is the cafe of one body attra<fting another, and holds 
only (in the cafe of their being attra&ed by a third body in 
the centre of gravity) in the law of centripetal force before- 
mentioned. And therefore in 

[Pr. 62.] The foregoing note is to be obferved. 
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[Prop. 64. This would be the cafe] For this only caufes 
the bodies T, L, to revolve more fwiftly round their centre of 
gravity D, but affe&s not the other bodies. 

fib. with equal periodical times.] By the foregoing (in the 
three bodies S, T, L) the body S defcribes an ellipfis round 
C ; and, by confidering the centre of gravity of S, T, as de- 
scribing an ellipfis (as before of T, L), it will appear the fame 
way that the body L defcribes an ellipfis round C; and as 
the centre of gravity of S, L, defcribes an ellipfis, fo T de- 
fcribes an ellipfis alfo round C. Farther ; from what went be- 
fore, the centripetal force of S towards C is as T + L x 
SC + CD, or T + L + S x SC. Alfo the centripetal 
force of T towards D is as L X TD + DL + S X TD 
(which latter part arifes from the refolution of the force ST 
into SD, DT, and DT a&s towards D), or as T 4- L + S 
X TD. Now, by cor. 2, 8, prop. 4, the periodic times 
are in the fubduplicate ratio of the radii dire&ly, and the fub- 
duplicate ratio of the forces inverfely ; therefore the pe- 
riodic time of S round C : periodic time of T round D : : 

v ■ == — . v = — ; and are 

SC x T + L + S TDxT + L + S 

therefore equal ; fo that after one revolution the bodies all re- 
turn to their firft places; 

After the fame manner the point C, and a fourth body V, 
as alfo the bodies S, T, L, will defcribe ellipfes round their 
common centre of gravity B, for any one, and the centre of 
gravity of the other three will defcribe ellipfes ; and the cafe 
is the fame if there were more bodies. Alfo, as before, and 
by alike refolution of forces, fince the forces VS, VT, VL, 
are refolved ihto VC, CS; VC, CT ; VC, CL; the former 
afting in the dire&ion of CV towards V, the latter to C, their 
centre of gravity, and are as the diftances of the bodies there- 
from, as before, they will therefore ftill move round their 
centre of gravity C as before, but fwifter, although all the 
four revolve round B, Alfo periodic time of V round B ; pe* 
VOL. Ill, I 
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jiodic time of S round C : : v^ 


S+T + LxCB+BV 


■ .■ ■■ • — : : (that is, as} 

+ L x S x SC + V x SC ' 

, BV . y SC 

V T + L+S + y x BV : ^T + L + S+Vxsc; 

and are therefore equal ; and if more bodies were added, all 
the bodies would perform their revolutions in equal periodic 
times. Q.E.D. 

[Prop. 66 , cor 2. Such is the force NM.] This force al- 
ways aCis from P in a direction parallel to TS, and from M 
towards T. 

[lb. cor. 6 , the periodic time will be increased,] for then 
rad ^ 

the periodic time is oc which is a greater ratio than 

V' force . 

rad. becaufe the force is diminilhed. 

n % 

[lb. cor. 7, the upper apfis to go backwards] for — — s 

in 1 

n* 

> — 2. And — > l ; therefore n is > than m. Alfo 
m 1 

put D = diftance (r = a given quantity), and the force is 
/.D 3 4- r 3 L 

V — Jy . — * or rather) as I) 1 -f ±3 and when the diftance in- 
creases, the decreafe of the force is D* + which is left 

J)3 

than D* + — * which is the decreafe according to the du- 
plicate ratio. Alfo at the conjunction, &c. the force ofP 
towards T is the centripetal force of T + LM — TM, or 
the centripetal force of T — KL. Alfo the decreafe of the 

force is as d* — which is greater than d* — or the de- 
ft d 

• n* 

ereafe according to the duplicate ratio. And ~ — , 3 ^ — 

2; and n < m. 


Digitized by Google 



ON THE PRINCIPIA. US 

pb. cor. 7. The truth of this] for then, the farther P re- 
cedes from T, the more it is attracted towards the bodies 
S, S, and therefore lefs towards T than it would otherwife 
be. 

pb. cor. 8, when the apfides are in the fyzygies] for then 
NM is greater and LM lefs than before. 

pb. cor. 9. Now therefore — ] For the ratio of KL to LM 
is lead; when the apfides are in the quadratures, and greateft 
in the fyzygies. 

[Ib. For the forces LM] as is ihewn in cor. 7* 

[lb. cor. 10, from the fyzygies to the quadratures] for after 
the fyzygies, the body P, by the a&ion of S, is made to 
move in lines which fucceffively cut the plane TPS at greater 
and greater angles. And for the fame reafon, at the 90® 
from the o&ants (between C and A), the body is drawn into 
lines (or little planes) which cut TPS at greater and greater 
angles, which before 90° cut it at lefs and lefs. 

[Ib. and by a like reafoning] for the inclination is increafed 
from u to D (Fig. 32), diminilhedfrom D to S, increafed from 
S to C, diminifhed from C to u ; as is plain by fuppofing T 
and any point p, wherein the body is, to be joined ; and the 
plane pTt to revolve round pT, till it pafs through the new 
place of the body p (which it acquires either above or below 
the plane pTt) by the (a<5iion of S upon it, or the) force NM ; 
and then it will appear how that new acquired plane cuts the 
plane SCT, whether in a greater or leffer angle. 

[ib. cor. 11 — from the former plane CD] Since the in- 
clination of the orbit is diminifhed from C to A, the inter- 
feftion with TSE will move from C to B, and from D to A ; 
and feeing that inclination is increafed from A to D, the inter- 
fedtion (or nodes) will ftill move towards B and towards A. 

[Ib. being always either retrograde] that is, confidering 
a whole revolution ; for in fome points they go forward. 

[Ib. cor. 13 . And fince the caufes and proportions] to one 
another, and to the force of S, &c. 

[Ib. cor. 14. But fince the forces] For SK : LM : : 
accelerating force of T towards S : perturbating force 
of S. And therefore the perturbating force of S 

I 2 
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]l6 * 

LM X accelerating force of T towards S ^ nce gg- _ 

SK 

ST nearly, and LM (in its mean quantity) = PT, and the ac- 
celerating force of T towards S is as the body S dire&ly, and 
ST 1 reciprocally, therefore the perturbating forces LM, NM, oc 

PT X body S ^ PT X bodies 

Sp * 8t 1S ^ a ^ periodic time of T round S* 
Or a PT X denfity of S X cub. apparent diameter of S (for 
the apparent diameter is as the real diameter dire&ly, and the 
diftance reciprocally). 

[Ib. cor. 16, fquare of the periodical time of the body P 
conjun&ly.] This holds as true in the fynodic time of the 
body P (fince the adlion of the forces that caufe thefe errors 
begin and end at the quadratures, which comes to the fame 
as if they begun and ended at the fyzygies) : fee what fol- 
lows. 

[Ib. and hence the angular errors] thefe in one revolution 
are as the linear errors directly, and the radius or diftance re- 
ciprocally; that is, as the forces and fquare of the time of re- 
volution of P directly, and the diftance TP reciprocally ; that is 
(becaufe the force cc TP), as fquare of the time of revolution. 

[Ib. Let thefe ratios] The angular errors of P ob- 

r , r m forces x time 1 . . „ 

ferved from T are as * that is (by cor. 14), as 


PT x body S x time 1 , 

PT X czd T’s periodic time’ 

lution of P (and if S be given), as 


that is, in the time of one revo- 
1=3 tin\e of P’s revolution 


a periodic time of T 
[Ib. both thefe motions will be as the periodical time of the 
body P dire<5Uy,] for the angular motion or velocity, or the 
mean angular errors, are as the fum of all the angular errors 
in any time directly, and the time reciprocally ; that is (in 
the periodic time), as 

body S X czi time of P’s revolution t 

time of P’s revolution x czi periodic time of T ' * Et 1S> 38 
body S X time of P’s revolution diredlly, and the fquare of 
the periodic time ofT reciprocally. 

[Cor. 30. And thence the greateft height of the water, 
•This is explained by Worfter in his (Experimental) Philo- 
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fophy, P a g e 72. Alfo fee my Geography, prop. 12, 
fe&. 1 . * 

SECTION XII. 

[Prop. 7{). As the lineola Dd,] when the radius of the 
fphere is given ; and when the radius is not given, as Dd and 
the radius conjun6tly ; therefore AS, and alfo PS or PE, may 
be of any magnitude. 

[Ib. the fum of all the rectangles PD x Dd] that is, as 

EL+PD x DF, or ELi™ xPFTTPB, orEE ‘— PD -‘. 
2 2 2 

[Prop. 80. The whole force of the fphere will be as the 
whole area ANB.] Alfo it is manifeft that the attra&ion or 
force of any part of the fphere FEB is as the correfpondent 
part of the area DNB. 

[Pr. 81, ex. 1.] The area SL into AB zSt x AB, be- 
cause both SL and AB are given. And the area LD into AB 
is a trapezoid, whofe bafe is AB, and the two parallel lides 
LA and LB; for as the point D removes nearer A, the ordi- 
nate LD decreafes (from B y where it is LB) to A (where it is 

LA); and that area is ^ x AB, or — ~ X 


LA, that is. 


y or it is 


2 LA -f- AB 


x AB, 


A LB 

that is, LS x AB. And the ordinate -j— is the ordinate of 

an hyperbola between the afymptotes whofe centre is L, and 
one afymptQte LB ; for ALB is a given re&angle, and the 

ALB 

nature of the hyperbola is that -j-j— (LD the part of the 

afymptote being taken as the axis) is as the ordinate erected 
on D : whence the reafon of the conftrudlion will be evident . 
for aABb is the aforefaid trapezoid, by conftruftion ; alfo in 
the hyperbola ab the redtangle LB x Bb is given, but that 
(by conftru&ion) is — the redtangle ALB, when the hyper- 
bolic area aABb is that described by the ordiflate And 

I 3 
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the difference of that and the trapezoid (which is the dif- 
ference of the two firft areas) is the area aha required. 

[Ib. Ex. 2, the third this is eafily calculated 

by fluxions. LD is a flowing quantity ; the fluxion of the area is 

ALB x SI LJ) — * x LD ; and the whole area is 
2 

ALB x SI .. t tv ..«.*• ALB X SI , , TT v | 

X LD — *, that is, or (when LD I 

— 2 — 2LD v 

— LB) ~ LB g L^ ~ * ^ rom this take thearea (when LD = LA, 

▼iz.) f - . — > and the difference is the area fought 

ALB x SI ALB x SI 
* 2 LA 2LB * 

SI* x SL 

rib. Ex. 3.] The fluxion of the firft area is — = — 

1 

. . , , . . 2SPxSLxLD-{ 

x LD — 2 X LD, and the whole area is — -== 

s — v/2SI 

or . gSI x S L — — , and that part of the area on AB i» 

— v'sSI x y/LB 

gSI 1 X SL — 1 — — * The fluxion of the fecond 

-✓gSI v'LA y/LH 

»rea is — X LD - 1 X LD; and the whole area = 


area is — 7== a 2 ^ 

SP / / — 

X LD| ; and the area on AB is —7= x v LB v LA* 

v 2S1 

CTx y* AT D 

Alfo the fluxion of the third area is x LD — { 

2 v/2 SI 

X LD; and the whole area ^ * AL B x lD — | ; and the 

— S*/2SI 

SI 1 x ALB I ~ 

ab,. ■ v - ctT » -jzsr - "7W 

[lb. And tbofe after due reduction] LA, LI, LB, are # ; for 
SA 1 SA* or T t SA* — SP . , 

sr = -sj. ri = -gr-si, h = — sa— 
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CA* i Cti 

LA = PS — AS— LI = — SA. And LB = 


119 

SA* — SI* 


SA* + SI* , CA b „.SA* + SI* qi . 

— sr- + SA - But 2ST SA : — jar 


SA* 4 -' SI* 
' isl ’ 


+ SA, are as will appear by multiplying them. 


Jlence a/ LB — a/ LA = a/ 2 SL For 2 a/ LB x LA = 2 SI 
= 2 LS — • 2 SI = LB + LA — 2 SL And LB + LA — 


Sv'LB x LA = 2 SI. And (by evolution) a/LB — a/ LA 
rr +/ 2 SL Therefore the firft area ( = X 


v'LB — ✓ LA^ 

LA * “ 


2 SI* x SL 

n — 


And ihe fecond area =; 


^LB x _ 

SI*. And a/LB 3 — ✓ LA 3 {— LB + LA x LB — ✓ LA 

+ ✓LB x ✓ALB — ✓AL x ✓ALB = gLS x ✓SSI 

+ ✓ALB X ✓aSl = 2 LS + H x v'ggl) = 3 LI + 2 SI 

T , TT , j SI* x ALB 

X ✓gSI. Whence the third area = 3v / 2 si "~* k 


✓ LB 3 — ✓LA 3 _ SI* X SCI + 2 SI _ OTl . 2 SP 

* 7AEB 5 " 3 ✓ALB = SLl" “ bl + sIT 

[Pr. 83, let us fuppofe] it Ihould be, let that fuperficies be 
not a purely, &c. as it is in the original. 

SECTION XIII. 

[Pr. 90 , cor. 1 , 2 ] for the fluxion of the area is as D — nf), 
and the area as ^y — ~ > or as ^-Ti ; and the area ALIH 


1 1 
“PAn-l ~“PH"- ‘* 

PFn 

[Pr. 91 , cor. 1 . And the other part for the fluxion of 
PF • PF 

that area is = p]* x PF = + PF* * PF — 


RP _ P p I X PF X PF. And the area = RP + PF** 
= PR. And (the area on PB is PE — AD ; and on PA* 
PD — AD. And their difference) PE — PD is the area 
on AB. 


I 4 
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[Pr. 91, cor. 2 ] This is calculated in the Appendix, by 
the help of the quadratures of curves, which fee in Harris’s 
Lex., vol. 2. 

And the curve KRM is a conic fe&ion ; for the indeter- 
mined quantities rife only to two dimenfions. Let SA — r, 
SC = c, BE = u, PB = b, ER 1 = PD 1 = PE 1 + ED* = 

_ (JQ ■ ■■■■« 2 CC _ 

b — u * + X 2ru — uu = bb +— 2b x u + 


[Sch. Pr. 93, and I fuppofe the force proportional.] For 
(Fig. 33) confider A, B, as flowing quantities, and let A be 

m 

given = o. Now fince A7 = B; therefore when A be- 
comes A + A = A + o, B becomes B + B, and then B + 


— — _ m m 

b = a+q^=ait + - 


m , m A m ~ n m 1 — mn 

-+ oA — + ——. 


— - - q_ &c. Now if any quantity A + o n (where o 

is infinitely fmall) be involved, the firft, fecond, third, &c. 

m 

term will be refpe&ively as the flowing quantity (AT), the 
firft, fecond, &c. fluxion of that quantity, as is, demonllrated 
in the quadrature of curves, fch. to pr. 11 (for which fee 

m a — inn 4 m — 2n 

Harris’s Lexicon). Therefore — ooA — is as the 


m 

fecond fluxion of AT. Now if a (centrifugal) force aft from 
the line CD in the direction B, and a body move in the 
curve CZ, the fluxion of A will continue the fame always, 
and the force afting upon the body will be every where as 

m 

the fecond fluxion of B, or of A n (its equal), and there- 
fore ^ ooA” - !: - ", or (becaufe o is given) as 

m'—mn , nr-2« m* — mn mn — m* 

A ”T~> or as “l — 8 „ . Ot — TI 

n2 n » 

B °* m ~ is as the centripetal force. This may be more eafily 
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(hewn by fluxions only, by finding the fecond fluxion of (B or) 


A n. 


SECTION XIV. 


[Pr. 94, equal to the t fquare of HM] (Fig. 34) for imagine 
a diameter drawn through H (Fig. 35), and an ordinate to 
it through I, the abfciffa \yill be = MI, and the ordinate =: 
MH. Alfo, completing the figure, the tangent IP cuts from 
the diameter Ha, Hp = Hu = MI; therefore the triangles 
HLP, MLI, are equal and fimilar, and HL LM. And 
the latus rcBum to Ha is always the fame, whatever the an- 
gle of incidence be, if the velocity be given ; for the line Hd. 
that the body will defcribe in a given time is given ; and the 
line dg that the body approaches the plane in a given time is 


given ; and therefore 


Hd* 


or 


z g 


Hz ' zH 


or the latus rtttum, is 


given. 

[Pr. 96, fch. of the fecants] of the angles between the line 
of incidence and the plane. 

[Pr. 97, cor. 2 ] The curve lines CP, CQ (being every 
where perpendicular to AP, DK), are compofed of arcs of 
circles; therefore PD is the increment of A P or AC, and 
QD the decrement of QK or CK ; and therefore thefe incre- 
ments are as the fines of incidence and emergence. And, & 
contra , if PD, QD, are as the fines of incidence and emer- 
gence, a body moving in the line PD fhall emerge in the line 
QDK, by this prop. 

[Pr. g8, and therefore QS to be always equal to CE ;] (Fig. 
36). For fince qqqq and ssss are always perpendicular to qs, 
therefore fuppofing QS and lqs to interfed in K, then KQ 
— KS = K. lq — KS, that is, qs = lq.s. Alfo let lq.K 
and 2q.s interfed in T ; then lq.s = Iq.T — ST = 2T — sT 
= 2q.s. Alfo 2q.s =: 2q.V — SV = 3q.V — SV = 3q.S; 
and fo on, till at laft qs, coinciding with CE, will be equal 
thereto. Therefore QS is every where equal to CE. 

[Ib. fch.] See the Author’s Optics, where all thefe things 
are {hewn. 
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BOOK II. 

SECTION I. 

[Pr. 2, cor. For if that area] by Marq. Hofpital’s Conic 
Se6t, art. 219; and my Conic S e<ft., prop. 86, hyperbola, 
tor. 6. 

[Ib. of the right line AC] by th^ converfe of lem. 1 ; but 
the contrary does not hold, that is, if any area ABGD be 
taken for the time, that DC (hall represent the velocity, or 
AD the fpace. 

[Pr. 3. And the refiftance] The force of gravity may be 
compared with the refiftance of the medium ; for they may 
both be confidered as uniform preffure. 

[Ib. or AC to fAK] For fuppofe a tangent to be drawn to 
the point B, then Kq : (fubtangent =) AC : : kq : Bk or AK. 
And in general in any area, as MstN, it will be, AC : |MN 

]y£g 

+ NC : : (by the nature of the hyperbola) — — :ABor 

Mm. And by divilion AC : AM + |MN t ™ . 

« 

ff 18 : : area sMNt : area smnt. But AG : AM 4* 

|MN : : force of gravity : refiftance in the middle of the 
fourth time. Therefore sMNt : smnt : : force of gravity : re- 
fiftance in the midft of the fourth time, and fo of the reft. 

And the like demonftration holds (Fig. 37) in afcending 
motion; for let the redlangle ABDG be divided' into innu- 
merable rectangles Dk, Kl, Lm, Mn, &c. Which fhall be as 
the decrements of the velocities produced in fo many equal 
times; then will AE, Ak, Al, Am, &c. be as the whole velo- 
cities, and therefore as the refiftances of the medium in the 
beginning of each of the equal times. Let AC : AK : : 
forge of gravity : refiftance in the beginning of the fecond 
time; then to the force of gravity add the refiftances, and 
DEHC, KkHC, L1HC, MmHC, &c. will be as the abfolute 
forces, or a decrements of the velocities, a Dk, Kl, Lm, Mn,, 

• &c. and therefore whence DGqK == KqrL = LrsM =3 

M*tN, &c. will be a the equal times or forces. But AC : 


Digitized by Google 



ON THE PEINCIPIA. 123 


MC : : Ms : AB. And by divifion AC : AM : : Ms : ins : : 
area sMNt : area smnt : : (and therefore as) force of gravity 
: re/iftance in the fourth time; and fo of the other areas. 
Therefore lince DGqK, KqrL, LrsM, MstN, are oc the gra- 
vitating forces, the areas GEkq, qklr, rims, msnt, a refift- 
ances in each time, oc velocities a fpaces defcribed. And, 
by compofition, in the times DGrL, DGBA, the fpaces de- 
fcribed will be as GElr, GJ5B. Q.E.D. 

[Ib. cor. 3.] For the diff. fpaces oc velocities (that is, by 
cor. 2) a CA, CK, CL (^), or a AK, KL, LM (-*), by 
Jem. 1 (Fig. 8). 

[Ib. let that alfo be diftinguilhed] This is true in this law 
of refiftance; becaufe the motion loft is a velocity a 
remaining velocity oc fpaces defcribed. 

[Pr. 4, which is the locus of the point r. Q.E.D.] all the 
reft is plain by prop. 2 and 8, and cor. pr. 2. 

Ib. cor. 1, that is, if the parallelogram] For DA : CP : : 

DP v CP 

DR : RX = ~ jxa Rut DAB = DC — AC x AB 


sz (by the nature of the hyperbola) AB — AQ x DC == 
QB X DC = (by conftruftion) N x CP. And DA = 


N x CP 
AB ’ 


Wherefore RX =• 


DR x CP x AB DRxAB 


N x CP 


N 


(Ib. cor. 4, DraF is alfo given.] by this prop. 

„ , _ „ lat. reft. lat. 

[Ib. cor. 6.] for then 2DP « 

velocity 1 _ . 

— : — r— a velocity, 
yelocity J 

Ffn 

[Ib. cor. 7, the ratio j^pj For when this ratio is the 

fame with the other, the curves defcribed (and fuppofed to be 
defcribed) in thefe two cafes will be fimilar. 


SECTION II. 

Pr. 5 had been better expreffed thus (though the trapfla* 
tion agrees with the original). 

if a body is refifted in the duplicate ratio of its velocity , and 
moves by its innate force only through a fimilar medium^ 
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and the / paces be taken equal, I fay , that the times of their 
defcription are in a geometrical progreffxon increasing ; and 
that the velocities at the beginning of each of the times are 
in the fame geometrical progrejfton ( decreajing or) inverfely. 
For it is plain that the times may be taken in fuch a geo- 
metrical progreflion as that the fpaces cannot be equal, 
nor the velocities in the fame inverfe progreflion. But if the 
fpaces are equal, the times and velocities will be in a geome- 
trical progreflion, inverfe to one another. The demonftra- 
tion is the fame, however the propofition be exprefied ; for 
it being proved that the lines AB, Kk, LI, &c. being fquared, 
the fquares are as the differences of the lines; and alfo that 
the fquares of the velocities are as the differences of the velo- 
cities. Therefore if AB and Kk be taken as the velocities in- 
the beginning of the times AK, KL, and an hyperbola be 
drawn through the points B, k, to the afymptote CD (whofe 
centre let be C), all the other velocities will be as the lines LI, 
Mm, &c. becaufe the progreflion, of the lines as well as the 
velocities continues the fame all along. Whence the fpaces 
(in thefe equal times) will be as the areas Ak, Kl, Lm, &c. 
and in the time AM the fpace will be as AMmB. Now con- 
ceive the area AMmB to be divided into the equal areas 
Ak, Kl, Lm, &c. Then will CA, CK, CL, &c. be increaf- 
ing ; and the parts (by lem. 1 ) AK, KL, LM, &c. which a^e 
as the times, will be in the fame progreflion, increafing. Alfo 
the velocities AB, Kk, LI, &c. (which are reciprocally as CA, 
CK, CL, &c.) will be in the fame progreflion inverfely. 
Q.E.D. 

[Pr. 7, and times conjun&ly] very fmall particles of time, 
[lb. they will always defcribe fpaces,] for the parts of fpace 
described in thofe feveral particles of time are as the refpec- 
tive velocities x thofe feveral parts of time ; that is, as the 
firft velocity x each part of time. And, by compofition, 
the whole fpaces are as the firft velocities x whole times* 
Q.E.D. 

[Pr. 7 , cor. S.] dele. Let thofe diameters applied to that 
power. 
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[Pr. 8.] in Fig. 1, PI. 2, k ought to be beyond 1 in refpeft 
of A, &c. becaufe the refiftance decreafes. But the demon- 
ftration is the fame any way. But this figure is not in the 
1ft or 2d edit, of the original. In prop. 8 and 9, AC represents 
the relative gravity, or its weight in the fluid. 

[Pr. 9, cor. 7-] For the greateft velocity is given (by pr. 8, 
cor. 2, 3). And thence the time of acquiring that velocity 
in free fpace. And ABNK (ABnk) being given, there is given 
AK, and AP (Ap), and^ATD (AtD). Then ADC : ADT 
(ADt) : : time of acquiring that greateft velocity in free fpace 
: time fought. 

[Pr. JO, equal among themfelves] and very fmall. 

rtl MI x Nil , „ , 

[lb. or jjj J as appears by umilar As, produced by 

letting fall a _L from N on HI. 

If the velocity in GH be greater than the velocity in HI, 
GH HI 

the decrement is -tj; — , and arifes from the refiftance 

and gravity together (becaufe gravity draws the body from 
the tangent into the arc HI) ; and if gravity a<ft not, that 
decrement would be greater (for gravity accelerates the mo- 
2MI x NI 

tion) by — f j - ^ - r — ; therefore the decrement by the refift- 


t x HI 
GH 
T 


ance alone is -7=-. — - + 


HI 2MI x NI 


t 1 t x NI 
[lb. will be NI ; ] for Q being a given (ratio or) quantity, 
Qo will always reprefent MN, whatever the magnitude of o 
be. 


And the ordinate DI = CH — MI ; alfo the value of 
MI in the ordinate EK is (becaufe o becomes 2.o, and fub- 
ftituting 2 X o for o) 2Q0 -f 4Ro* + 8R0 3 + &c. ; and 
therefore EK = CH — 2Q0 — 4R0 1 — 8S0 3 — &c. Alfo 
in the ordinate BG, when o becomes — o, the value of MI 
(by fubftituting — o for o) will be — Qo + Ro* — So 3 + 
&c. And BG = CH — Ml (as before) = P + Qo — Ro* 
+ So 3 — &c. 
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rTL ^ + iSo-, . „ . , 


pb. or J for (becaufe o is infinitely fmall) R, 

R + fSo, R -f 3S0, are both arithmetical and geometrical 
proportionals. 

3S0 

Pb. by fubftituting the values — ] becomes 1 + X 


QRoo 


QRoo 


o v /l + QQ “ — °v/i + QQ V /T+'"QQ 

gQo + 2K0 1 x Ro 1 + S<y = (n kai the fuperfluoaa 

+ ol/l +QQ 4 ° . 

V\ + QQ 

powers of o, or the quantities infinitely lefs than the other) o 

4/1 + QQ “^TfS§ + 2 lr^' + 

QRo* ( 2QR00 ___ 3S00 ^ 

~ ^T+iM + ^/T+qq ” "2^ v/1 + QQ * 

HN HI* , , , 

{lb. latus redum -jjp J or = (negle&ing the fuper- 

f ,oox 1 4- QQ 1 4- QQ 
fluous powers ot o) = g — 4 

[lb. p. 33, that a body by afcending from P] or any other 
point of the quadrant PF, in the dire&ion of the arc of that 
quadrant. 

m bb' . bb 

[lb. Ex. 3, the fecond term — o — o J or rather — 

9 n aa aa 

in 

0 "n" 0 ^ ®°» but the fquare is the fame either way. 

[Ib. Ex. 4, for Qo] — , o -i „ = Q„. 

g 

pb. Seh. And therefore if a curve] for the quantity ^4— n 
HT[ n — 1 . 

■v- 1S us the denfity, and if that be given the den- 

fity is given. 
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[Ib. than thefe hyperbolas here defcribed.] For let the two 
mediums be of the fame denfity in the vertex of the curves ; 
then if the bodies be proje&ed from A, the uniform medium 
being more denfe, and the other lefs denfe at A, the body 
moving in the uniform medium will be more impeded, and 
confequently will defcend the more than that defcribing 
the hyperbola, which is lefs refilled, and which therefore 
moyes nearer a ftraight line : therefore the body moving in 
the uniform medium is more diftant from the afymptotes in 
the vertex of the figure than the other body. But if the den- 
fities of the mediums were fuppofed equal in A, then (by the 
fame way of reafoning) the body in the uniform medium 
would be nearer the afymptotes in the vertex. And, ge- 
nerally fpeaking, thefe curves cannot therefore differ very 
far. 

[Ib: will touch the hyperbola in G,] for fuppofe the tan- 
gent TG to interfetfi MX. Then (by fluxions) the diftance 

VX 

between that point of interfe6iion and V is • Then by 


fim. As ~ ; VG : : VX : TX — VG = nVG. But VY 
n 

;= nVG. Therefore TX = GY. 

[Ib. and the velocity] for the velocity (when the gravity is 
given) is as the ordinate of the parabola, that is (the abfcifla 

being given, by the gravity), as the la tus re&um. 

[Ib. Rule 1.] For the velocities are as the y's of the latus 


re&um of two parabolas, that is, as 


x / QXY* 


that is. 


nn + u x VG 

as t0 ^ "51P ( b y frppohtion) are in a ratio 

of equality, and therefore Alfo fince the den- 


fities are equal, ? will be given, that is, P-i? = P 

^ SXY 5 SAH 3Ah 

Whence AH = Ah. Whence AH, AI, remain the fame ; 

and HX, which is compofed of AI and the fubtangent to the 

axis XH, is the fame alfo. 
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[Rule 2.] For velocity <x oc (becaufe AH is given) 


x/±. 

Ai 


[Rule 3, and therefore AH] for let b be the ratio, then 
AH 1 


Ah , AH 
AT = b AT 


And 


AI 


Ah* , AH TTri 
7T- = b ~r-r X Ah. Whence 
Ai Ai 


a * AH. ir Ah AH , AH w , .. 
Ah = -r— j alio, ?r- = r—p = b X -rr * Whence Ai z= 
b ' Ai bAi AI 

AI 

bb # 


[Rule 4, a little greater] fince AH decreases fafter than 
GT, therefore the fum of all or every AH -f GT is leffer 
than the firft AH -f GT X number of them; and therefore 
the fum of all the denfities (being reciprocal thereto) is 
greater than the fum of as many denfities in A and G. But 
the mean denfity is zz fum of all the denfities ~ by the num- 
ber of them, and therefore is fomething greater than the 
| fum of the denfities in A and G. But half fum denfities : 

ATT I nT 

denfity in A : : • GT. Therefore mean denfity : 


denfity in A :: is in a ratio a little greater than f X AH + GT 
: GT. . ! 

[lb. Rule 5.] for HX := AI + fubtangent =z AI 4* nAI, 
XN being the axis. 

[Ib. Rule 6, by how much] for the variation of curvature 
in one of thefe hyperbolas, where n is great, is leaft in the 
part AG, and fo it is in the curve of projection, where the 
velocity is greateft ; fo they agree in that part. But they 
differ more in the part GK, where the projectile approaches 
to a uniform motion. 

[Ib. Rule 7.] AH to 2AI ought to be 3AH to 4AI (but the 
original is AH to 2AI). 

[Ib. Rule 8, whole conjugate] hyperbola fliall pafs through 
the point C. 

[Ib. what has been faid] for by fuppofing the index n to be 
negative, VG (which before was as VX — n ) will then be as 
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VX*, qnd the curve AG will be a parabola ; and what was 
demonftrated generally of the hyperbola will hold true (for 
any index, and therefore) for the parabola ; and all things 
will follow as before, fubftituting — m for n. But the com- 
putation may be made for the parabola as for the other (Fig. 
38) thus: let VG = bbXV* = XC n ; then the fubtangent 
ZT = nVG. And let XC = a, ng = e, cC = o; then VG — 

a + o 11 = a n + na^ — 1 q + n X — an — 4 oo + n x 

% 

x a n — 3 o 3 = P — Qo — Roo — So 3 . 

* j 

Whence Q — — na n — R = — n x n — — ^ a n — \ S 


n ■ i n — 2 

= — n X x — - — X a" — 3 . Therefore the den- 

2 3 

fity inGis as ( — ■ ^ — ) n 2 . thatis 

'ft'/l -f QQ ■'3ay'l + nV"-‘J * 


as - —5 or as — — • that is, reciprocally as 

V& + naa y/a 1 + nnee 

^ XC* + TZ‘. And the fame may be found by fluxions, 
putting Q, R, S, for the firft, fecond, third, fluxion of VG 
or XC». 

SECTION III. 

[Pr. 12, and inverfely as the velocity ;] for the time of de- 
scribing a given fpace is reciprocally as the velocity. 

[Pr. 13, cafe 1,2, 3, the decrement or increment PQ] in 
a given time. 

[Ib. cor. and triangle do.] therefore, ex equo, &c. 

[Ib, fch.] For (Fig. 39) draw the indefinite line BAP, and 
make BD perp. and equal to BA ; and draw DF, AF, parallel 
to BA, BD. Let AP be the velocity, AP* + 2BAP the re- 
fiftance, AB 1 the force of gravity. Draw DTP, cutting 
FA in T, and the time of the whole afcent will be as the 
triangle DTA. 

For draw DVQ cutting off PQ the moment of velocity, 
and DTV tbe moment of the triangle ; then the decrement 
of tbe velocity PQ will be as the refiftance and gravity AP* 
VoL. III. K 
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+ £BAP 4- AB* ; that is, as BP 2 . But the area DTV is te 
the area DPQ asDT 2, to DP 2 , or as DF 2 to BP 2 ; therefore 
fince the area DPQ is as BP 2 , the area DTV will be as the 
given quantity DF 2 . Therefore the area ADT decreafes uni- 
formly as the time, by the fubdu&ion of given particles 
DTV ; and therefore is proportional to the whole time of 
afcent. 

[Pr. 14. From the area DET] This (hould be : — from the 
moment KLON fubdu& DTV, or m x BD, the moment of 
DET ; and is only a falfe tranflation. 

[Ib. cor. or as V 2 ;] for the fpace is oc czi of the time, that 

is, a the fquare of DET, or of BD x M a (becaufe M = 

DE x V^ r r BD x DE x V r 

— — j fquare of 3 that is (becaufe BD, 

BD x V* 

DE, DA, are given), as V 2 , or as — — • 

[Ib. fch. inftead of the uniform refiftance made to an 
afcending body ;] this differs from gravity only in this, that 
it cannot generate any motion ; but it a6ts after the fame 
manner in all moving bodies in deftroying their motion as gra- 
vity does in deftroying the motion of afcending bodies. Gra- 
vity a6ts uniformly in a given direction. The force arifing 
from tenacity a£ts uniformly, but always in a direction con- 
trary to the motion of the body ; and, therefore, when the 
body is at reft, it can induce no change in it. Now in the 
horizontal motion of a body in a fluid which is refitted in part 
uniformly, one may fubftitute the force of gravity for that 
uniform refiftance, as in pr. S, 9, 13, 14. And in the afcent 
or defcent of the body in a fluid, inftead of the force of 
gravity, one may fubftitute the l’um or difference of that 
uniform force and the force of gravity, as in thefe propo- 
fitions. 

SECTION IV. 

In prop. 15. [And the decrements of tbefe arcs arifing 
from the refiftance will be as the fquares of the* times in which 
they are generated ;] for fince the arcs are infinitely fmall, 
the refiftance affefts the fame us an uniform centripetal force 
would do. 
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fib. The decrement of the arc (Fig. 40) PQ will be] for 
let q, t, be the points it would arrive at, in the fame times, 
in free fpace ; then Pq =: qt, and PQ = Qr ; therefore 
Qq = qt — Qr ; and adding Qq, 2Qq = Qt — Qr = tr ; 
and Qq = f tr : but Qq = *Rt ; therefore tr = fRt = Rr, 
and Qq = |Rr. 

The fame demonftxation of this prop, holds good as well in 
afcendihg as in defcending motion. 

[Cor 1. The velocity, 8tc.] for fuppofing PQ an arc of a 
circle (Fig. 41) whofe centre is f ; then if PQ or PT be as the 
velocity in both curves, TQ will be as the centripetal force in 

both, but in both curves TQ = i therefore Pf = rad* 

2a 1 

of the circle defcribed with the fame velocity. 

[Cor. 4, the body will defcend, 8cc.] for, by cor. 1, the 
velocity in P in a refilling medium is == velocity in a circle at 
diftance SP in free fpace ; but velocity at diftance SP in free 
fpace : to velocity at dill. |SP in free fpace (by cor. 6, prop* 


4, b. I.), or prop. 34, 


: as 


✓ 


SP 


to ^ 


that is, */l 


: \/2; therefore, &c. 

[Cor. 7 , or as £AS to AB] (for this, fee my Geometrical 
Proportion, prop. 24.) 

In prop. 16. [And the refiftance, &c.] inftead of this pro- 
portion in prop. 15, viz. PQ : QR : : SQ : ^/SP X SQ, 

fubftitute this ; PQ : QR : : (SQ2 : SP2 : : ) SQ : SQ + 


^ SP — - SQ (by prop. 24 of my Geomet. Proportion), that 


is, as the defcribing velocities, &c. 

[Cor. 1.] For the refiftance : centripetal force : : (|Rr “ ) 

1 — *" - FQ : era = > = PQ: : 

I — in OS : OP. 

SECTION V. 


In prop. 19. [Cafe 3, different fpherical parts have equal 
preffuresj that is, different fpherical parts of equal, mag' 
nitude. K 3 
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In prop. 20. [And by a like reafoning, 8cc.] Suppofing the 
, thicknefs of the orbs to be reciprocally as the force of gravity 
or the denfityof the fluid, or in the complicate ratio of them, 
and it will appear (as before) that the bottom is prefled with 
a cylinder of the fame fluid whole bafe is ~ the bottom, and 
height that of the fluid, by the fame reafoning as before, 
and prop. 19. 

In lchol. pr. 22. [By a like reafoning, 8cc.] Let the force 
of gravity be reciprocally as the nth power of the diftance. 

The fpecific gravities at A, B, C, &c. will oc ’sC®’ 

&c. and the denfities a fums of the preffures a 

BI x BC CK x CD 0 AH BI CK 

SB" ’ SC" ’ &c ' a SA n * ’ SB"”' ’ SC" - ‘ ’ 
&c. And tu, uw, &c. a differences of the denfities oc 
AH El A , . AH x th 


SA SB n 
BI x ui 


=75 &c. And tu x th, uw X ui a 


n — i 5 SU a — * ’ a K A s: itn— « 


— j &c. ; and therefore, univerfally, 

1 SA Q SA“ 

SES=r a l »yP erbolic area thmy. Therefore if— _,^ ;=ri , 

SA" . _ 1 1 1 t .. 1 

SC" ~ 1 5 or SA°— r ’ SB" 1 5 SC "— 1 ’ be “ then SA "— 1 

1 _ 1 1 

— SB n— * ~~ g^= T — SC ^ 1 > and the areas proportional 

thereto will be equal, viz. thiu = uikw ; and therefore St, Su, 
Sw, that is, AH, BI, CK 4r. Q.E.D. Then putting n fuc- 
ceffively = 3, 4, 0 — 1, &c. the truth of the faid fcholium 
will appear. And fo on ad infinitum . • 

[Other laws of condenfation, &c ] Suppofe the compreff- 
ing force a rth power of the denfity; then the fpecific gra- 
. . . 4 ^ AH BI 

vities in A, B, &c. a g^5 &c. ; and the preffures in A, 

o ... AH „ BI B CK DL, C _ BI . CK . DL 
B, &c. « —+_+ gc + SD , 
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AH 

&c. Now if thefe fums were their differences -gj-* gg > 

&c # would be in the fame -sf, and then the preffures in A, B, 

* AH BI 

a ~SA* ~SB y & c - a ^entities a AH r , Bl r , &c. And 


1 

SA 7 SB* 

1 i 

1 5 SBJ * . Then putting r == JL, jl* 2, &c. all things 

r— i v r — i 3 3 

will appear as in tills fchol. But now the aforefaid fums are 


therefore AH r — * Bl r 


SA 


* SB * an< ^ a 

J 4 5 


not in geometrical progreflion, becaufe it is plain their dif- 

r . AH BI' , . AH BI 

ferences are not, viz. gg 9 &c.; forif g -^-5 gg # 

and feeing SA, SB, &c. are -jt, therefore (by pr. 18, cor. 2, of 
my Geom. Proportion) AH, BI, &c. would be -if, which is 
falfe (except in the cafe of prop. 21); therefore neither thefe 
differences nor fums are tK And confequently the conciu- 
fions of this fchol. in this refpeft are not true ; and therefore 
it muft be prefumed that the author meant them only to be 
nearly, and not perfectly, true. 

In Schol. prop. 23. [All thefe things are, &c.] It feems to 
me that the prop, holds true, though the centrifugal force be 
extended to all diftances in any given law, as well as when it 
ends at the next particle in the fame given law. For, fup- 
pofing the particles of the fluid to be placed in parallel planes, 
and {hat thefe planes aft on each other, the force of com- 
preflion on any one plane will be made up of the feveral 
forces of all the other equidiftant parallel planes. Therefore 
fmce the diftances of all thefe planes before compreflion are 
refpeftively proportional to their diftances after compreflion 
from this given plane, their aftions on the given plane before 
and after compreflion will alfo be proportional (feeing their 
aftions or forces are as fome power of the diftances) ; and 
their fums will be alfo proportional to thofe of any two cor- 
refponding planes, viz. as the neareft to the neareft. In thefe 
fort of particles there will be required a greater force to pro- 
duce an equal condenfation of an equal quantity of the fluid ; 

K 3 
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but the denfity will be proportional to the compreffion, as 

before. 

SECTION VI. 

In prop. 24. Cor. 5. for let m, M = quantities of 

matter, w, W = weights, t, T = times, for the common 
pendulum 1. Alfo L = new pendulum, T = new time, for 
M, and W. Then m : M : : wtt : WTT (by the prop.) : : 

wttjAvtt^ j WTT. And jf m t,T, are equal, w « 
t t L 

1, which is cor. 4. 

In prop. 27. [If the refiftance in the arc B, &c.] If 
ihe f refiftance in the arc A were to the refiftance in the arc 
B as AA to AB, the times would be equal; and therefore refift- 
fmce ,AA in the arc A caufes the excefs of time above that 
in a non-refifting medium ; and refiftance AB in the arc B 
caufes the excefs of time in B above that in a non-refifting 
medium, equal to the former excefs (becaufe with thefe refin- 
ances), they are defcribed in equal time. But now if B be 
defcribed with a refiftance BB, the excefs of time will be 
caufed by that refiftance. 

[But thofe exceffes, &c.] Now the exceffes of time caufed 
by defcribing B with the refiftances AB, BB, refpe&ively 
are as the fpaces left undefcribed after the given time ; that, 
is, as the refiftances AB, BB, nearly, or as A to B, viz. as the 
arcs A, B. And fince the excefs of time by defcribing A 
with refiftance AA = excefs of time by defcribing B with 
refiftance AB, therefore it follows that excefs of time in A : 
to excefs of time in B ; : as A : to B nearly. 

In prop. 29 . [Area PIEQ may be to the hyperbolic area 
PITS : : as BC to Ca ; and that the area IEF may be to the 
area ILT as OQ to OS.] 

That this is poffible (affuming P at pleafure) may be thus 
fliewti. Let the areas PIEQ, PITS, be taken (as BC to Ca) 
indefinitely fmall ; then PIEQmuft be greater or atleaft equal 
to PITS : fuppofe them equal; then will PIEQ > PILS, and 
IF > IL (and more fo, if PIEQ > PITS); but when S, P, Q, 
coincide, OS to OQ is a ratio of equality ; therefore in this 


Digitized by LjOOQle 



ON Tti£ priKcipia. 135 

cafe IFE to ILT (or IF to 1L) > OQ to OS (ot however 
not lefs) increafe the areas PIEQ and PITS in the fame 
ratio, and the ratio of O Q to OS will alfo increafe and con- 
verge at length to the ratio of IEF to ILT ; which (hews the 
poflibility of what was required (but as to an a&ual folution 
I (hall refer it to an algebraic procefs). This being done as 
required, then the points O, S, P, Q, are all fixed, and the 
point R only variable. 

IEF 

[And the increment, &cj for the fluxion of OR 


IGH to the fluxion of — PIGR 


as 


IEF 

OQ 


HG to — RG 


: : or as HG — 


IEF 

OQ 


to RG. 


Or rather thus: the incre- 


ment of qq OR — IGH ^ as 0 Q~ — HG x — Rr = HG 
IEF 

x Rr — “qq x Rr. And the increment of PIGR is as 

RG x — Rr ; and therefore the decrement (becaufe the de- 
crement is a negative increment) of PIGR is as RG X Rr. 

In cor. to pr. SO. [Now if the refiftance.DK be in the 
duplicate, &c.] for the velocities being as the ordinates of a 
circle or ellipfis defcribed on aB, the refiftances (being as the 
fquares of thefe velocities) are as the fquares of thefe ordi- 
nates, that is, as the re&angles of the abfciflas. Therefore 
the refiftances DK, OV, are refpe&ively as aDB (aOB = ), 
OB\ But this is the property of the parabola aVB defcribed 
to the axis VO, by cor. 2 to pr. 4 of the parabola. 

Gen. fch. pr. SI, p. 76. [But in leffer ofcillations fome- 
what greater, &c.l that is, the difference in the lefier arc to 
the difference in the greater arc is in a greater ratio than the 
fquares pf thefe leffer and greater arcs. 

[P. 75.] for | the chords of thefe arcs, read the chords of 
thofe half arcs. 


[Ib. p. 76, 77. As ^ AV + -L BV* + - CV\] Thefe 

three members are taken to denote three laws of refiftance, 
the firft in the fimple ratio of the velocity, the third ia 
K 4 


Digitized by LjOOQle 



136 A SHORT COMMENT 

the duplicate ratio thereof, and the fecond partly in the Am- 
ple, partly in the duplicate ratio (or in a mean between them) * 
and the coefficient thereof is a middle one between ^ 
and f . 

[As 0,041748 to 121] it (hould be, as 0,041778 to 121. 

[P. 78. It is manifeft that the force, &c.] for the forces of 
refiftance and gravity are as their effe6ls ; to wit, as the velo- 
city loft (by refiftance) and velocity gained (by gravity) in 
the fame time as 1 to 3765V 

[I alfo counted — I leave the calculation, &c.] The calcu- 
lation after the preceding manner will be as follows : 


Mean ofcillation* S| 

7 

14 

28 

56 

112 

Difference between firfl defeent and laft afeent f 

1 

2 

4 

8 

16 

Difference of arcs deferibed in the defeent \ 1 

1 

4 

12 

24 

48 

and fubfequent afeent . . - J 748 

272 

325 

250 

125 

68 


Alfo thefe in the greater arcs are nearly in the duplicate ratio 
of the velocities, but in the lefler arcs fomewhat greater (thefe 
arcs are in the laft feries of the table). 

Let V = velocity in fecond, fourth, and fixth cafes = 
1, 4, 16, refpe&ively ; and the difference of the arcs will be, 
in the 

2d Cafe = r f T = A-f-B + C. 

4th Cafe = ^ = T f T = 4A + 8B + ]6C. 

6th Cafe = =. 16A + 64B + 256 C. 

Whence A = ,0005098 ; B = ,0005882 ; C = ,0025784. 
Therefore the difference of the arcs is as ,0005098V -f 
,0005882V| + ,0025784V 4 . And confequently,the refiftance 
of the globe in the middle of the arc will be to its weight (by 
cor. pr. 30) as ,00032442V + ,00041 174V* + ,0019338V* to 
121. Therefore the refiftance will be to the weight, in cafe 
2d, 4th, and 6th, as ,00267 to 121; ,0355324 to 121; 
,5265949 to 121, refpeaively. 

Note — You may take any other numbers (that are in the 
fame proportion with thefe above) for V ; for example, I 
took £, 1, and 4 = V, in the 2d, 4th, and 6th cafes, and 
A wiil be = ,002039 ; B = ,004706; C =: ,041255; 
and the refiftance to the weight (at the laft) comes out 
the fame as before. 
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In the 6th cafe, the point marked in the thread defcribed 
an arc of 1 12 — $4 inches = 111 T V; therefore the centre of 
the globe defcribes an arc = 115 t4t = nearly; and 

its velocity is (nearly) the fame as in defcending an arc 57ir 
of a cycloid (whofe femi-arc is 126 ), or = velocity acquired 
by falling perpendicularly through the verfed fine (or abfcifla) 
of that arc 57ff : but this veiled fine is = 13,324 ; therefore 
the velocity of the pendulum is =r velocity acquired by falling 
perpendicularly 13,324 inches. And with this velocity the 
globe meets with a refiftance which is to its weight as ,52659 
to 121, or (taking that part only of the refiftance which is as 
the fquare of the velocity) as ,49505 to 121. 

Alfo if a globe of water of equal magnitude moves with the 
fame velocity, its refiftance will be to its weight as ,49505 to 
213,4; or as 1 to 431 T V. Whence, in the time in which the 
globe uniformly defcribes 26,648 inches, the weight of the 
globe of water will generate all that velocity in the falling 
globe ; therefore the velocity deftroyed by refiftance will be 
to that acquired by gravity (in the fame time) as 1 to 431 T y, 

or velocity loft n: — j of the whole velocity. And there- 

43i*rr 

fore, in the time it would uniformly defcribe its femi- diameter 


with the fame velocity, it would lofe the 


1 

334 L7 


part of its * 


motion. 

[P. 79, after five ofcillations] this certainly (hould be after 
10 ofcillations, as appears by the procefs of the calculation. 

[P. 80. So that the difference 0,4475, &c.] for the mo- 
tion loft is a the refiftance, and that a the fquare of the ve- 
locity and fquare of the time nearly, which in this cafe is a 
©on ft ant product. 

[P. 81, 1. 2.] Here is a fmall error, viz. ,6 1675 inftead of 
,61705 ; whence 45,453 would have been 45,43, and the re- 
fiftances as 7,002 to L: but this is not material. 

[P- 82, becaufe the refiftance, &c.] for the refiftance oc 
fquare of the time x fquare of the velocity, which produ& is 
, invariable, becaufe equal arcs are always defcribed. 
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SECTION VII. 

[Pr. S2, ratio of denfity] he means any given ratio of deft* 
fity which are proportional to the particles. 

[Pr. 32. Proportional times] any times, in that conftant 
ratio ; that is, let them move among one another in fimilar 
directions, with velocities which are as the particles. 

[Pr. 32, cor. 2, fpaces proportional to their diameters] in 
thefe proportional times. 

[Pr. 33, cor. 2, for if the forces, &c.] for the refiftance 
arifes from the centrifugal forces, and from the collifions of 
the particles. The refiftances of the firft fort are as the mo- 
tive forces, that is, as the accelerative forces and quantity of 
matter ; that is (by fuppofition), as the fquares of the velo- 
cities and quantities of matter ; that is (becaufe the quanti- 
ties of matter are given, the fluid being the fame), as the 
fquares of the velocities. 

The refiftances of the fecond fort are as the number of re- 
flexions and their forces ; that is (as is proved in the prop.), 
as the fquares of the velocities, fquares of the diameters, and 
denfities of the parts ; that is (becaufe the diameters and den- 
fities are given), as the fquares of the velocities accurately. 

[As alfo the bodies E and G ;] let E and G be vaftly fwifter 
than D and F. 

[Pr. 34, but the former of, &c.] for bH X CB s (BE* =) 
ObN, which is the property Of the parabola. 

[Pr. 34, fchol. lefs refitted than the former folid ;] for if 
FG and IH be produced till they interfedl, they will form a 
right angle ; and therefore the fruftum FGBHI will be lefs 
refitted than if the lines Ihould interfe& in an obtufe angle 
(as is (hewn in the cone), which they would do if the lines 
fell within FG and IH ; and for the fame reafon the refift- 
ance would be greater in the curve itfelf, becaufe the lineola 
which conttitute it will, when produced, interfeft one another 
at obtufe angles. What is mentioned befides in this fchol. is 
demonftrated in the Appendix. 

[Pr. 35, it follows, that the cylinder, &c.] for motion 
cylinder : motion medium : : cylinder’s magnitude X denfity* 
X velocity : (medium’s magnitude x denfity x velocity 
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cylinder’s ma ^^— - x 2 velocity x medium’s denfity : : cy- 


linder’s denfity : medium’s denfity. 

[Ib. to the force by which) to the motive force by which its 
whole motion, &c. 

[Pr. 35, cor. 2] for the refinance of the globe and the 
force (that will quite take away its motion in the time it 
moves two or four thirds of its diameter) are in a given ratio ; 
therefore increafe the velocity of the globe in any ratio, and 
the force (that will utterly deftroy all its motion in a given 
fpace) will be increafed in a ratio of the velocity dire&ly and 
the time inverfely, that is, as the Square of the Velocity ; 
therefore the refiftance of the globe is increafed in the dupli- 
cate ratio of the velocity. 

[Ib. cor. 3] for the fame reafon, increafe the diameter of 
the globe in any ratio, and the motive force (that will utterly 
deftroy its motion) will be increafed in the triplicate ratio of 
the diameter diredly, and the time inverfely ; that is, in the 
triplicate ratio of the diameter di redly, and the fimple ratio 
of the diameter inverfely ; that is, as the fquare of the dia- 
meter ; and therefore the refiftance of the globe will be in- 
creafed in the duplicate ratio of the diameter. 

(Co;*. 6, and its refiftance, &c.] Let BC be the refiftance 
at firft, then refiftance at the firft : refiftance at the end : : 
BC* : EF* ; but AE : AB : : BC : EF : : EF : BH ; therefore 
BC* : EF* : : BC : BH. A BH is the refiftance at the end. 

[Cor. 7. As the logarithm, &c.] For (by fchol. prop. 86, 
Fig. 42, hyperbola) it appears that if AH = 1, AB = T, 
JBK = t-; then it will be CBKF : EHKF : : (logarithm T + t 

T + t .. 

- — logarithm T = ) logarithm — ^ — : logarithm T -f t. And 

EHKF : AHED : : (logarithm T + t : ,43429448 : ; ) loga- 
rithm T + t X 2,30258509 : 1 ; alfo AHED : CBKG : : 
HE : CB X t r : T : t. Therefore, ex equo, CBKF : CBKG : : 

f~TT T -f t 

logarithm —rf— X 2,30258 X T ; t : : logarithm — X 


8,30258509 : ^ 
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[Pr. 36 , cor. 2.] Forces are equal when their effe&s are 
equal in a given lime ; but the effect of the motion of the ef- 
fluent water (in the time a body defcends through Gl) = a 
cylinder whofe length is 2GI, and bafe the hole EF ; alfo the 
effe& of the gravity or weight of a column whofe height is 
GI, and bafe the hole EF, = (by reafon of an accelerated 
motion, and in the fame time) a cylinder whofe length is GI, 
and bafe the hole EF ; and therefore the effe& of the preffure 
of twice that column (in the fame time) = a cylinder 
whofe length is 2GI, and bafe the hole EF ; = the firft cy- 
linder, ergo , &c. 

[Cor. 3, or IH + 10 to 2lH] for ih : ho : : io : og; or ho : 
og : : ih : io ; and ho 4- og : 2ho : : ih + io 2ih : : io + 
ig : 2io : : © EF + O AB : 2 O EF. 

[tb. cor. 10.] This cor. ought to be more exa&ly computed 
and demonflrated, becaufe the following propofitions depend 
thereon. 

[Pr. S7> p« 109. And is therefore nearly equal, &c.] This 
refiftance = weight of a cylinder (whofe bafe is that little 
circle and altitude |IG, from which altitude the cylinder 
muft fall, &c.) = force by which its motion may be gene- 
rated, &e. "" 

[Pr. 37, cor. 1.] Let F = force (mentioned in the prop.), 
M = medium’s denfily, C = cylinder’s denfity, V =: velo- 
city, D == diameter, T == time (of defcribing four times its 

* M 

length), R 1 = refiftance ; then R =: F - — ^ — (by the prop.) 
V M 

oc C XfXJf * j?* V*D*M. 

[Coc.,2.] Let EF be given, and denfity of the medium be 
alio giveii. Then becaufe this refiftance = weight of acy- 

EF 1 

linder (whofe bafe is PQ, and height |IG) X gpTZTTpQ^ 

EP iPQ 1 

therefore weight of this cylinder = refiftance X - — ~jijk — * 
But the force requifite to take away the motion of this cy- 


Digitized by Google 



ON THR PRINCIPIA. 141 

ltnder, whilft it moves four times its diameter a weight of 
this cylinder X velocity x 

time of defcribing four times its length a re ^ tar | ce x 
EF 1 — -?PQ* EF 4 — PQ 4 EF 4 — PQ 4 A , . , 

EF 1 X EF 4 * EF 1 * *^ u< ^ tie 
fity of the cylinder being increased, the force is increafed in 
the fame ratio. 

[Cor. 3] for fince refiftance : force : : EF 6 X denfity me- 
dium : £p — jPQ 4 x EF 4 — PQ 4 X denfity cylinder : : 

, EF 4 - jPQ 4 x EF 4 " — " PQ** 
medium denfity : ~ EF<p X cylinder 

denfity : increafe the diftance it moves in any ratio, and the 
force (to deftroy the motion) will be decreafed in that ratio. 


. EF 4 — |PQ 4 x EP 
as fuppofe the ratio ot gp 


-• . Then re- 


finance : force : : medium denfity : cylinder denfity. 

[Schol. pr. 37, AE and BE (Fig. 43) be two parabolic 
arcs] fince the refiftance is the fame, whether the fluid or the 
cylinder move, therefore the cafe of the refiftance of the cir- 
cle in Fig. 4 is the fame cafe with the refiftance of the circle 
AB in Fig. 6, confidering the velocities HG and EG, where- 
with they are a&ed on ; but (by cor. 9, pr. 36) the refiftance 
on PQ == i cylinder on PQ and height GH (through which 
a falling body acquires the velocity which the fluid has on 
PQ) ; but | this cylinder is = a parabolic fpindle on PQ and 
height GH, nearly. Therefore the refiftance on AB \ cy- 
linder on AB and height GE ( z= GH), through which a 
falling body acquires the velocity with which the cylinder 
moves, which is equal to a parabolic fpindle on AB and 
height GE = AEB, by conftru&ion [fince latus re&um : 
(HG = ) GE : : GE : AG.] This is the very conftru&ion 
of Fig. 2. 

[Ib. muft be to this force as 2 to 3, at leaft,} for the weight 
upon the little circle (in cor. 7, p. 28), is there fliewn to be 
equal to a cylinder of | the height GH at leaft. But the 
weight of a cylinder on that circle and \ that height is the 
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force whereby the cylinder’s motion may be generated in the 
time it moves four times its length, or 2GH ; therefore the 
refiftance in that cor. is to the weight here demonftrated 
Ccateris paribus ), that is, to the force : :as to { : : that is, as 
2 to 3, at leaft ; and increafing the denfity, the force is in- 
creafed in the fame ratio. 

[Ib. let CF and DF.] It is neceffary to allow as much time 
for the meeting of the particles of water (at the axis of the 
folid from the fide thereof), after they are paft the folid, as 
for their reparation before they come to it. Now fuppofe this 
to be the cafe of Fig. 4. In the time that a particle paffes 
from H toP, the fame particle with the velocity in P will in 
the. fame time defcribe 2HG, and therefore mult pals twice 
•9 far to arrive to the axis again. Whence, in Fig. 6, the 
particle F mull be twice as far from CD as E from AB ; but 
the height of FCD = 2 height of AEB, by conftrucftion. For 
let z, y = 2 ordinates to x = \ AB ; and zz = 4rx = z 4yy, 
and z = 2y. 

[Cor. 1, pr. 38.] the demonftration is the fame with that of 
cor. 1, pr. 37. 

[Cor. 2, pr. 38.] Let denfity of globe : denfity of fluid : : 
d : 1 ; then d X £ diameter of the globe = fpace fallen, and 
d X y diameter globe fpace it defcribes afterwards, in the 
time of its fall. Then, becaufe forces (which generate a given 
motion) are reciprocally as the (times, that is, reciprocally 
as the) fpaces which any body defcribes with the fame uni- 
form velocity, therefore the force of the globe’s comparative 
weight (which generates its motion in the time it defcribes 
d X 4 diameter) : force that generates the fame motion (while 
it defcribes <| diameter) : : f- diameter :d X } diameter : : 1 
: d : : denfity of the fluid : denfity of the globe. Therefore, 
&c. 

[Cor. 3, pr. 38.] The velocity being given, the motion M 
is alfo given; but (by this prop.) refiftance x d = force 
which will generate the motion M (in the time of moving 
f diameter) ; but this force muftbe == refiftance, which will 
quite take away Lhe faid motion M (in the fame time of mov- 
ing £ diameter). Now augment the time of moving (pre- 
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Tervhjg the velocity) in any ratio (let it = T); and this lafir 
refinance (which will quite take away the faid motion M in 
the time T) will be decreafed in the fame ratio ( = R). 
Therefore T and R are alfo given. Therefore by cor. 7, &c. 
[Cor. 4, prop. 38.] for let M = $■ diameter in the time 

tM 

T ; and becaufe (by fup.) therefore T = t. 

Now (by cor. 7, pr. 35) it will be (-1=) 1 :(log.~-- x 2, 


3, &c. _ log. 2, x 2, 3, & c. =) ,693 : : $ diameter : 

O 

diameters, which is lefs than two diameters. Now that M 
ought 16 be = 4 diameter in the time T is plain ; for it is re- 
quired (by cor. 7, pr. 35) that the refinance R quite takes 
away M in the time T. But (by this pr. 38) the refiftance 
(= force required) will juft take away the motion M in 
moving 4 diameter. But if T be any other time than that 
of moving 4 diameter, then the force to deftroy M in that 
time will not be =: refiftance, but greater or leffer than it. 

[Pr. 40, let the globe, &c.] This is calculated in prob. 14 
of my book of Fluxions. In cor. 2 of that prob. G, H, and 


N, are found, and thence the velocity 


_ N— 1 
~ N + 1 


H, where H 


is the greateft velocity the globe can acquire in falling in the 
fluid ; and the height fallen comes out the fame in value with 
his, but in other fymbols ; but the one may be eafily reduced 
to the other. 

[lb. the numbers in the fourth column, &c.] 2F is the 
lpace defcribed in the time G with the greateft velocity H 

2P 

(by the prob.) ; therefore G : 2F : : P : F = the fpace de- 


fcribed in the time P with the greateft velocity, the numbers 
in the fourth column. 

[Sch. pr. 40, and any other globe, &c.] that is, the mag- 
nitude of any body a the excefs of its weight in vacuo above 
that in water. Or 132,8 : 1 : : this faid excefs : magnitude 
of the globe. Henqe diameter globe (in Exp. 1.) = 0,84224. 
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[lb. exp. 1, but this fpace, by reafon, &c.] to demonftrate 
this, it is neceflary to premife, that the greateft velocity 
wherewith a globe can defcend by its comparative weight 
through a fluid in a canal is that which it may acquire by fall- 
ing with the fame weight, without refiftance, and in its fall 
deicribing a fpace which is to 7 diameter as mn*d to l 3 . Putting 
denfity globe : denflty fluid : : d : 1, and 1 =: orifice of the 
veflel, N 1 — great circle of the globe, m = 1 — | great 
circle. For (as in cor. 2, pr. 58) the fpace it afterwards de- 


fcribes (in the fame time of its fall) = 


x | diameter ; 


then the force of the globe’s comparative height (which ge- 
nerates its motion in the time it defcribes x f diam.) : 

force (that generates the fame motion in the time it defcribes 

7 diameter) : : (4 diameter : - X | diameter : : ) l 3 : mn’d ; 

therefore (by pr* 39) the refiftance of the globe = force of the 

globe’s comparative weight (which generates this motion in 

. . . , „ mn l d _ .. u T1 mn l d 

the time it defcribes — y- x | diameter, pr falls — ^ X 4 

diameter); and, therefore, this force caynot accelerate the 
globe. Q.E.D. Now, 

By the experiment, 2F = d x 4 diameter ; but the fpace 
the globe uniformly defcribes (with the greateft velocity 
wherewith it can defcend in the canal or veflel, and in the 

time of acquiring it with its compound weight) = ^y^ X 

8 .. mi) 1 ^ mn v j 

o diameter = -p- x 2F = — x 4.4251. Alfo ^/i)5,219 : 


l 3 l 3 95,219 

4/ nin 1, 

▼ A ten 4 a /U— *.u „ i r_ 11* , 


v/*nn* 


x G = 


-jj— X 0,15244 (by the laws of fallin'g bodies) = time of 
acquiring the greateft velocity. And therefore X G 
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(= time): ™ X 2F (= fpace) : : ) G : x 2 p . . 

4 " : -j\/ ™ x =■ (ipace defcribed in 4") = - x 

mn x m a 

116,1245. Subdua-jj- x 1.3862944F = -jj- x S,0676j 
and j'/j X 116,1245 — ^ X 3,0676 = fpace fallen 

in the fluid, = 116,1245 — 3,0676 x ^ nearly, as 

the author makes it. 

[Ib. ex. 13.] This and the following are upon the fame 
computation as the foregoing experiments in water ; to wit, 
the theory of non-elaftic fluids: the reafon is, becaufe he con- 
fiders fluids as elaftic whofe parts are discontinued, &c. See 
fchol. pr. 35. 

[Ib. p. 128, equal to — &c.] This is plain from what 

follows afterwards ; for let a fpace : {D : : 860 : 1 ; this fpace 
6880 

= - D == 2293D, and this fpace the globe moves in the 

time T with velocity V ; let, therefore, T = 2293, and t = j. 

Then motion loft = = ^87 V ‘ Note; t(=l) 

is not fenfibly increafed by the refiftance in moving through 
§D ; and hence I have taken it for the fame. 

[Ib. let D be the, &c.] for, put denfity globe : denfity fluid : : 
8d 

d : 1 ; alfo let the fpace — D = S. Now, by prop. 38, d X 

3 

refiftance = force, which (uniformly continued) will quite de- 
ftroy its motion in the time it moves |D ; therefore d X re- 
fiftance will quite take away its motion whilft it moves fD. 
But (becaufe the force of that refiftance and the time of its 
acting are reciprocally proportional) the refiftance the globe 
meets with will quite take away its motion whilft it moves 
8d 

(with V) — D == S. Therefore (by cor. 7, pr. 35) the globe 

VOL. HI. & 
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in the time T (of moving S)' meets with a refiftance R which 

will quite deftroy its motion V ; therefore in the time t it will 

lofe fcc. 

SECTION VIII. 

[Pr. 42, and (Fig. 44) becaufe the motion of the waves, 
&c.] Let the waves A, B, C, move from A towards C, and 
fuppoie the water to defcend from the vertex C into the hol- 
low E, and thence up to B, which it will do^ fuppofing the 
vertices A, B, C, to be of equal altitude; alfo let the water 
defcend from B to D, and afcend to A, &c. Now fince the 
*water in the vertex B defcends towards D at the fame time 
that other water (that had defcended from C to E) is afcencU 
ing to B, therefore the water will be lower at the point 
B and higher at the point b than before ; and consequently 
that the vertex of the wave B will be transfered towards C. 
Therefore the vertices (and hollows, and any corresponding 
points) of all the waves will move from therjce towards C; 
therefore the waves will be carried on by the deflux of water 
down CE, BD ; and the accumulation thereof on EB, DA. 

[Pr. 43, cafe 1, at nearly equal diftances, &c.] they fet for- 
ward at equal dillances, and continue fo, becaufe they move 
tvith equal velocity, as appears by (the demonft. of cale 1, 2, 
3, of) prop. 48. (Fig. 45.) 

[Pr . 46, becaufe the motion of the waves is carried on, &c.] 
Let A be the vertex of a wave. The fluid at b is more preff- 
ed (by reafon of a greater depth of incumbent water) than 
d ; therefore that greater preflure caufes the water to recede 
from b in all directions, and to afcend at c; therefore the 
vertex of the wave is now in c. Alfo a greater preflure of 
.water .propagated from d to f caufes the water to defcend 
at c, and afcend at e ; therefore the vertex of the wave moves 
along a, c, e, &c. And this it will always continue to do, if 
at firft any force is fuppofed to be applied to the fide gha, to 
hinder the afcent of the water there in like manner as it 
afcends at c, e; for then the fide gha will be afterwards always 
defcending, and the fide ace afcending, without the continu- 
ance offucb force, 


Digitized by LjOOQle 



ON THE PRINC1PIA. 14? 

[Ib. tranfverfe meafure] js meafuring along the furface of' 
the water ; as is plain from the demonftration. 

[Ib. cor. 2, rather performed in a circle] as in the note on 
prop. 42 (Fig.46). But if the breadth of the waves be meafureit 
not in the right line acb, but along the furface of the water 
(becaufe the deflux of water through b, c, a, is made in a 
curve line near a circle), then the time mentioned in the prop, 
will be very nearly as it is there afligned. 

[Pr. 47] Fig. I, PI. 9, is wrong. It (hould be thus (Fig. 47); 
[and the original is wrong, too] where 1, m, n, ftand at N, 
M, L. 

Ib. — with thofe of an ofcillating pendulum.-] 
ib. according to the law of a pendulum ofcill. J 
prop. 52, lib. 1, fpace described by a pendulum in the time 
PI is to a whole vibration as the time PI to the time PIS ; 
and to two vibrations as PI to PHSP ; and the accelerating 
force of a pendulum is as its diftance from the loweft point. 
See cor. pr. 51. 

[Ib. that is, (becaufe HL — KN is,) &c.] that is, HL — 
KN : HK : : OM : OI. 

[Pr. 48, cafe 1, diftances of the pulfes, &c.] the diftances 
of the pulfes in one medium be i= diftances of pulfes in the 
other. 

[Ib. and therefore the pulfes ;] hence it appears that the 
correfpondent parts in both mediums (vibrate or) go and re- 
turn together, or in equal times, though one makes longer 
vibrations than the other. But (by luppofition) the diftances 
of pulfes in both mediums are equal; and the pulfes in 
both are tranflated through tliefe equal diftances in the times 
of the parts of the mediums (vibrating or) going and return- 
ing, which times are proved equal ; therefore the pulfes in 
both mediums move equal diftances in equal times, artd 
therefore are equally fwift. 

[Pr. 48, cafe 2, then will their contractions, 8cc.] be equal, 


for> by 


in equal fpaces. 

. „ „ „ fquare of the time 

[Ib. and moreover, &c.] for fpace a — Uer 


for thefe fpaces are generated by accelerative forces), and 

u 
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time oc v'fpace X Y matter a Y fpace X fpace ce 
fpace. 

[Ib. cafe 3, the time which is neceffary, 8cc.] for fpace a 

c=i time X force cn time X force ml c . c . r 

oc j — tz Therefore if the fpace 

matter denfity 

be given, time « * Therefore velocity « -j— ■ 

r force 

oc v • 

denfity 

[Pr. 49. — ratio of PO to A conjun&Iy ;] that is, time 

sf matter — JL=, when the quantity of matter is given 

force / force 

(this in accelerated motions). Then time of one vibration by 
that elaftic force : time of one vibration of a pendulum PO, 
by the weight : : VV : Y PO x A ; and time of one vi- 
bration of PO, by the weight : time of one vibration of A:: 

/PO : \/A. Therefore, &c. 

[Ib. — of the going and returning] of the pendulum PO. 
[Ib. — » of one ofcillation compofed of the going and re- 
turning,] of the pendulum A. 

[ib. cor. 1, — to its circumference.] For (Mechanics, j 
prop. 24) diameter : circumference : : time of fall through 
\ radius : time of one vibration. Therefore as radius : cir- 
cumference : : time of fall through -Jr radius : time of two 
vibrations. 

[Ib. cor.' 2.] for velocity oc Si ace a - A - y'J oc 
L J time YA 

By elaftic force he means that which arifes by 

denfity 

heat, as well as that arifing from the compreffion. 

[Pr. 50. Let the number] of the double vibrations, Sc. 

’ [Ib. fchol. in the fubduplicate ratio of the defeft of tl)« 
matter] that is, of the quantity of vapour or watery particles 
And (by prop. 49, cor. 2) the velocity will be increafed as (the 
^denfity, that is, as) the V* quantity of true air in a given fpaa 
is decreafed. 
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[lb. near lOOpulfes in] This computation pre-fuppofes that 
thofe vibrations of the firing are double vibrations, or vibra- 
tions compofed of its going and return. 

SECTION IX. 

[Pr. 51, but the differences of the angular motions, &c.] 
thefe are as the difference of the abfolute motions round the 
axis; that is, as the difference of the abfolute tranilations, or 
as the relative tranilations (which are thofe here fpoken of) 
dire6tly, and the diftances inverfely. 

[Ib. of quadratures of curves, 8tc.] Let SD = x ; Dd = y ; 

then Dd a 1 ( = — by conftru&ion ; therefore y = 

XX V XX ' J 

— ; and yx = bx x ; and ^ = area ; therefore 

area a i z= DdQ. 
x 

(Ib. cor. 3.] In a given time let the parts 1, 2, 3, of the 
fluid defcribe the (Fig. 48) fpaces lr, 2s, 3t ; take away or add 
the equal angular motions In, 2o, 3p ; fo that the fpaces nr, 
os, pt, be defcribed in that given time : now whether the 
points 1, 2, defcribe the fpaces lr, 2s, or nr, os, thetranfla- 
tions at the end of the given time will be =s si; alfo if 2, 3, 
defcribe 2s, 3t, or os, pt, the tranilations at the end of the 
given time will be the fame in either cafe, viz. r= ut ; there- 
fore the tranilations being equal, and the attrition alfo, the 
motions will be continued. 

[Pr. 52, cor. 8, about any given axis] palling through the 
globe ; the relative motion of the parts of the globe and fluid, 
are the fame ftill : therefore, &c. 

[Ib. cor. 9, femi-diameter of the globe ;] let BC be a plane 
(Fig. 49), D a point of the veffel, A a point of the globe ; 
then period, time of A : time B : : < velocity B : < velocity 
A ; and therefore time A + time B : time A : : (velocity B 
+ velocity A = ) < velocity A from B : < velocity B : : 
time B : time A from the plane BC (to BC again) : : CB Z : 
CA 4 . But time B from DC = time D from BC ; therefore 
time D (from BC) : time A (from BC) : ; CB 1 : CA* ; as it 
Ihould be by the prop, and cor. 8, < 

L 3 
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BOOK III. 

rp^ ^ the action of the fun, attra&ing, Stc.j lee cor. 7 ? 
pr . 66, lib. 1, or cor. 14, where KL is « PT, nearly (SK or 
ST being given) ; and the force TM in its mean quantity is 
= PT, nearly. 

[Pr. 4, and the fpace which a heavy body defcrjbes] by- 
falling in 1" : half the length of the pendulum (= f radios) 
; : fquare of j" : fquare of the time of falling through half the 
pendulum : : (Mechanics, pr.24) fquare of the circumference 

: fquare of the diameter. 

[Ib. p. 169, line 17, the mean diftance of 60 diameters] it 
Ihould be 60 femi-diameters, as it is in the original. 

[Pr. 6, p. 174, — fubduplicate of that proportion, as by fome 
computations I have found,] i. e. as I found by making fome 
calculation* 

For let R be the diftance of the Sun and Jupiter, d the 

greater force, e the Idler ; then, to find the diftance x -where 

d may be diminilhed to e : Becaufe the forces are recipro- 

J 11 ' 
cally as the fquajres of the diftances, fay ^ : d : e : : x* : 

R*; and x : R : : v'd’ : v'e ; therefore at the diftance x the 
weight d (of the fatellite) would become equal to e ; and the 
centre of their orbits would not be in Jupiter, contrary to ex- 
perience. And if the force of the fatellite was lefs, by a like 
computation, the centre of their orbits would be nearer than 
Jupiter, alfo contrary to experience. 

- [Pr.8,cor.l,andr^^ refpe&ively] this Ihould be 

• orrather T9W5 # 

[Ib. at the diftances 10000, &c.] thefe are as the diame- 
ters ; and the apparent diameters are found by aftronomical 
obfervation, which, X by the proportioned diftances, gives 
ihe ratio of the real diameters. 

[Pr. 8, cor. 4, — of fo much the greater denfity.] This is 
. not generally true, as appears by cor. 2 and 3. 

[Ib. cor. 3, — truly defined.] This is demonftrated in 
' Gravefand, 1. IV. p. 232-3. See Appendix, p. 20. 
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[Pr. 10, lofe almoft a tenth part of its motion .3 For, by 
fchol. pr. 40, p. 128, it is, 1 : 860 : : f : 2293.33 1 = fpace 
defcribed in the time T ; putting D = 1, V = 1 ; and T : $ 

* : 2293.33 : 2293.33 ^ = fpace (uniformly) defcribed in the 


time t, 

2293.33 

T + t 
T : 
T + t 
T = 


Then (p. 129) ;jr : 2,302, &c. x log. : : 

t 

•• 229.5 ; therefore 2293.33 X 2.30258 X log, 
T + t 

= 229.5; and log. — ip — z: ,043461 ; and therefore 
1.105+, and -jr— — 1105 = Jq +> and -p + t 



[lb. or as 75 (O' 1 ) to 1 nearly.] In Fig. 3, PI. 5, 1. II. Let 
SA = rad. earth = 20949674 feet, AB = 1, AF = 200 
miles s= J 056000 feet ; then, by cor. pr. 22, II. Aa — Bb: 
Aa — Ff : : thin : thnz ; that is, AB X SF : AF x 
or 1 : 1005325 : : thin : thnz : : (by fch. pr. 86, hyperbpla) 
log. AH — log. BI : log. AH — log. FN ; becaufe water is 
860 times denfer than air, and the incumbent weight of the 
atmofphere at the furface of the earth is about = weight of 
S3 feet of water ; therefore the weights (and confequently the 
denfities) in A and B are as 28380 and 28379 ; whence AH 
or St = 28380, and BI or Sn = 28379 ; and log. AH — 
log. BI = ,0000152, log. AH = 4,4530124; therefore 1 : 
3005325 : : ,0000152 : 4,4530124 — log. FN ; and log. FN 
= — 11,1730. And therefore FN = ,000000000015, and 
denfity in F : denfity in A : : 15 : 28380000000000000 : 
or as 1 : to 1 890000000000000, which is lefs than 1 to 
75000000000000; but the computation will vary as the radius 
of the earth, the denfity of water and air at the , earth, is 
fuppofed to vary. 

[lb. and hence the, &c.] as before (by pr. 40, fchol.), fince 
denfity of water : to denfity of air 200 miles from the earth 
: : 645 (0* 4 ) : 1. Space defcribed in time T = 172 (0 ,5 )« And 

L 4 
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log. X 2302, &c. : : 172 (O’ 5 ) X (= fpacede- 

fcribed in time t) : 2792250000 = fpace Jupiter defcribes in 

T + t 

1000000 years. Therefore log. — ^ — = ,00000000705. And 
.000000017 ; and = >999999986; and 

^ — = ,000000014, which is lefs than YodSo O O 

[Pr. 13, are almoft as 16, 8tc.] for (by this and cor. 2, pr.8) 
accelerative force of Jupiter towards Saturn : accelerative force 

of Jupiter towards the Sun ::25 X : ^ x 1 : : 81 ; 

16 X 81 X 3021_ 

25 . * 

[Pr. 14, fchol. And hence we may find, &c.] For, by cor. 

7, pr. 66, I. the apfides of their orbits move in conjequentia. 
And, by cor. 16, of the fame, the motion of the apfides of 
the body P (PL 21, Fig. 2) will be as the periodical time of 
P dire&ly, and the fquare of the periodical time ofT in- 
verfely ; that is, as the periodical time of P (becaufe the pe- . 
riodic time of T round S, or of the Sun round Jupiter or Sa- ^ 
turn, or (which is the fame thing) of Jupiter or Saturn round 
the Sun, is given) ; that is (by prop. 15, 1.), in the fefquiplicate 
ratio of their diftances PT. 

[Pr. 19, in the duplicate proportion of the rad. to the co- 
fine of lat.] (Fig. 50) for (by cor. 3, pr. 4, 1. I.) centrifugal 
force at the equator : centrifugal force at a from the axis 
( = ab) : : rad. : cof. lat. : : r : c. Alfo the force dire&ly 
from the axis : force direftly from the earth : : ab : be : : r : 
c. Therefore, ex equo, centrifugal force at the equator : cen- 
trifugal force dire&ly from the earth, at a : : rr : cc. 

[Ib. but by computation (from] Let (Fig. 61) GC = t — 
101, BP = C = 100, PE = x. Then will ED* = 

- x cx — XX. And ER 1 = PD* = — — — x 1 + x*. And 
cc c cc 

a/1x CC tt ™ - 

ER = — x + " ■ ■ — x* zz (fuppofe to) y/fx — sx‘* 

c cc 
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Whence the fluxion of the area PQRE is = r*x - 

3.5s + x| 


SX J 


s 1 xl 




3s 3 x£ 
2. 4. Or 5 


x 


And the area PQRE = *rxl — — — 

T T 5r 7.41* 3 


2.4.6.8r 7 
s *xZ 


sx 2 ||x 1= 

; — &c. 


3s 3 x|. 


3.5.s 4 xy 
11.4.6.8r 7 
9.5. sx 


— &c. = *rxf — 


3.$X 

2.5r* 

sx 


. 5.sx ^ 

A + 7^ B + 


94.6r s 

7.3.sx 

9-6r* 


+ jT 8T* D + &C * “ (P uttin S — = q) frx* — TS Aq + T », 


+ tv Cq + Dq + &c. = (when x = c = 100 ; and 

* being = — — — = ,0201 ; and r 1 = - = 102,01. =) to 

6693,39. And PBM = 5000. Whence PQRM = l693,S9. 
Therefore, by cor. 2, pr. 9 1 > I. force of the fpiieroid : force 


of the fphere : : (when P and A coincide) AS 


AS x PQRM 
CS* 


. AS PQRM . 4 x 1693.39 , 

' 3 CS 1 1 ~ J0201 : T 


1,008 


: 1 : : 126 : 125. 

[Ib. p. 190, if the denfity, 8tc.] this will appear by con- 
fidering what went before, and cor. 3, pr. 91, I. 

[Ib. but if the diurnal, &c.] for the (centripetal or) centri- 
fugal force is as the fquare of the velocity when the racL is 
given. 

[Ib. 191, — augmented in proportion as the force of gra- 
vity is diminifhed] for, reviewing the former calculation, if 
the denfity of the earth were greater than it is, the force of 
gravity to the centrifugal force would be greater than in that 
proportion of 289 to 1 (and the two diameters would be in a 
lefs proportion than 289 to 288 ; and alfo the diameters would 
be in a lefs proportion than 230 to 229) ; confequently the 
ratio of the difference of the diameters to either decreafes as 
the gravity increafes ; and, on the contrary, that ratio in- 
creafes as the gravity decreafes. And upon this depends the 

4 1 1 1 

’ aS 50o ’ 100 :: 289 * 229* 


foregoing proportion 


Digitized by LjOOQle 



154 


A SHOBT COMMENT 

[lb. line 15] read — x ^22 x — to 1. In the on* 

L 5 94| 229 

OQ 5 1 

ginal, 2d edit, it is — x - X to 1, or as 1 to 8. 

* ' 5 1 229 

[ Pr. 20 (Fig. 52). Whence arifes this theorem] for let nkyn 

be a circle circumfcribed round the ellipfis nhyl ; then khm : 

fbc ( ) abd : : kt* : fg*. And ab = But, be- 

' y ° kt 4 x bd 

caufe khm and kt are given, and bd == (nearly to) 2kt, which 
is given, therefore ab a fg* : but the difference between the 
weight at n and a is as ( at — bt = ) ab. Therefore the in- 
creafe of weight is as fg% or the fquare of the fine of lat. at 
a, nearly, or (by trigonometry) as the verf. of 2an. 

[Ib. and the arcs of the degrees, &c.] The length of a de- 
gree is a rad. of curvature, and in the points n and h are (by 
ex. 1, pr. 19, fedi. II. curve lines) as the parameters of ny 
and hi ; that is, as hi 3 to ny 3 , or 229 3 to 230 3 ; that is, as 
56637 to 57382, as is inferted in the table, p. 247. 

But to find the rad. curvature at b, we have (by ex. % 

pr. 5, fe<a. II. Fluxions) mH sc y + - ** y 3 ; and, 

aDD 

therefore (putting s for the fine of the angle ntb), rad. cur- 
vature mC, at b = X -f X -- ^ - y 3 =s (becaufe - is a 

s abbs s 

given ratio) R + -—-tt — Ryy* ver y near > R being the 
abb 

radius of curvature in n ; and, therefore, the increafe of this 
radius, which is as the increafe of the degrees, is as y y or ss 

nearly. And here a — b being very fmall, £- X j^T l] , R is 

an extremely fmall quantity. 

[Pr. 23, — which I cannot here defcend to explain.] Since 
the Moon’s orbit is more eccentric than thofe of Jupiter’s Sa- 
tellites, the motion of the Moon’s apogee will be greater 
in proportion than the motion of the apogee in any fa- 
tellite. 

[Pr. 27. The area, &c.] (Fig. 53) For the moment of the 
area is cc cb x ad. But ad cc angle bed x cb ho- 
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rary motion x cb. Therefore area a, cb* x horary 
tnotion. 

[Pr. 28. But the attraction of the moon ;] for let A = at- 
traction of P towards T. Let the attraction or force LS be 
refolved into the two, LM, SM, the firft afting towards M, 
the latter t 9 wards S. Then the whole attraction of P to- 
wards T is A — ST -f LM — TM. Let A — ST = F. 
Then the attraction of P towards T in the fyzygies is F — 
2AT ; and in the quadratures F + CT. By prop. 25, F : 
ML : : 178725 : 1000. And the forces 2AT and CT wiU 
be to each other as 2O0OAT and lOOOCT ; that is, as 

CT^yfN * and TflTN* And the force F in the fy z ys ie5 

and quadratures will be as 178725 directly, andthefquare 
of the diltance from T reciprocally. Therefore, &c. (Note, + 

x is falfely printed for — ™ hne 1 !, p. 210.) 

[Ib. — Quadrature in C ; or, which — ] for CTP : CTp : : 
angular motion of the moon from the fun’s quadrature : to 
its angular motion from the fixed point C ; that is (becaufe 
the given circumference, or one revolution, is to be defcribed 
in either cafe), : : periodic revolution \ fynodic revolution. 

[Ib. But by computation I find,] with (Fig. 54) the ra- 
dii TA, TC, defcribe the circles Ale, Cic ; and let AZ, Cz, 
touch the ellipfis in A and C ; and take AI to Ac, and Ci to 
Cc, as < CTP to CTp (Fig. 5, PI. 10). Now in order t<j 
determine the curvature of the orbit, fuppofe the point a to 
coincide with A, and draw the parts of the orbit ARO, Cro, 
which will pafs between the ellipfis and circle ; for TO orTE 
is lefsthan TL, and greater than (TA or) Tc; and To (that is, 
Te) is lefs than TC or Tc, and greater than Tl. Draw the lines 
TB, Tb, fo that AB = Cb ; and let the points A, I, C, and 
alfo C, i, c, coincide; and the curvatures of the ellipfis, orbit, 
and circles, at the points A, C, will be refpeCtively as BE, BR, 
BI, and be, br, bi. And the difference of curvatures of the 
ellipfis and circles, and of the orbit and circles in A, C, will 
be as El, RI, and ei, ri, refpe&ively. But RI : El or OC 
(becaufe TE = TO, and Tl = Tc : :) A I 1 : Ac 1 (lem. 1 1, 1.) 

' CTP 4 

: : CTP 1 : CTp*. Whence RI = EI x = BI — BE 
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CTP 1 


x 7 = 5 *-:. Alfo n : oc, orei, or be — bi : : Ci 1 : Cc 1 : : CTP 1 : 

Cip . . 

1 CTP* 

CTp 1 . Whence ri = be — bi X • But in the 0 

TA, BI, AI, or AB, and 2AT, are -h-; and in the o TC, 


AB 1 


hi, Ci or Cb, 2CT, are -H-; whence BI = — r™, and bi = 


Alfo in the ellipfis BE X 2AT : BA 1 : : AT* : TC 1 ; 


Cb 1 

■ ■■i ■ — 4 

^CT 

and be X 2CT : bC 1 : : CT 1 : AT 1 . Whence BE = 
BA‘x AT .. bC 1 x CT 


■J and be — 


Now from hence the 


2CT 1 * 2 AT 1 

curvature of the orbit at a : curvature of the orbit at C : : 

. AB 1 

BR, or BI — IR : br or bt + lr : : 


CTP* Cb 1 
CT P * : 2cr 
Cb* 


+ be — bi x 


CTP 1 AB 1 


BI —BE 

. CTp’ 


CTp* ' ' 2AT CTP 1 


— BI 


+ BE : 2CT r * 
AB 1 

SAT + 2TC 1 
..CTp; 


CTp 1 
CTP 1 
BA 1 x AT Cb 1 


. , . AB 1 CTp 1 

+ be — bi ::^- x CTp * 


' '2CT 1 

JL+ 

AT + TC 1 * 


CTp* 

CTP 1 

CTp* 


bC 1 x CT 


Cb 1 


2AT* 

CT 

+ 


2CT 

1 


AT* 


CT 


* * AT x CTP 1 AT * TC‘ ' CTP 1 x CT 1 

CTp*- CTP* , AT . CTp* — CTP* , CT . . ATJ 
: : "AT x C’FF + TC 1 CT x CTP 1 * t ‘ AT* 

^CTP^ x AT x CT* : CT 3 + x CT 


x AT*. 

[Pr. 29. The tangent of the angle (Fig. 55) CTP, &cj 
On the axis DC defcribe the circle CdD, and let the line Tb 
revolve uniformly to d in the fame time that TP revolves 
to A, and defcribes areas proportional to the times in the 
ellipfis CAD. Draw be [] to dT, and draw Tb, TP. Since 
the circle and ellipfis are defcribed in equal times, parts pro- 
portional to the whole will be defcribed in any equal times. 
Now area ellipfis : area circle : s TA : Td ( = TC) : : eP : eb 
: : (ePC + ePT =) TPC : (ebC + ebT=) TbC ; therefore the 
point in the circle is at b when the point in the ellipfis is at 
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P. ButTA : (Td =:) TC : : eP : eb : : tangent ^eTP: 

tangent < eTb ( z= of the mean motion). 

[Ib. Square of the fine of the angle CTP.] Thefe things are 

plain from prop. 26, where Pd (Fig. 4) is the excefs of the 

, , . PK* 

momeqt, and is as “prj=r* 

[Ib. which we may effe&, &c.] (Fig. 56) Let A be the 
area defcribed by the moon in anytime, arc CP = z, r =: ra- 

dius TC, PK = y, TK = u, t = tan. PTC. Than A = 

r 

— yx, and A == FI. : yx = area CPK. But TPC exprefles 
the mean motion, and therefore TPK is the equation, which 
is as TK x PK, or ay. 


But, by the nature of the circle, z =s 


rr + tt’ 


and fince 


• . . 

t is in a given ratio to t (or as .3123 to 69), therefore z is as 
rrt t 

--■■■ — ■ or ~~ , — — ' “ x TK, or y x TK, or’ as uy. There- 
rr + tt y/rr + tt J J 

fore, decreafing the tangent in the fubduplicate ratio of 1 1073 
to 10973, or in the Ample ratio of 69 to 68, 6877 ; accelerates 
the area in proportion of PK*, as it ought to do. 

[Ib. — in a proportion compounded of the duplicate, &c.] 
for (by cor. 16, pr. 66, 1. I.), all angular errors are as the 
fquare of the time of the moon’s revolution dire&ly, and the 
fquare of the time of the earth’s revolution inverfely ; that is 
(by pr. 15,1. I.), as the fquare of the time of the moon’s revo- 
lution dire&ly, and the cube of the earth’s diftance from the 
fun inverfely. 

[Pr. 30. And this force, by prop. 25, is, &c.] The force 
SPK : force ML : : 3lT : PT (for thefe are the fame), 
and force ML : centripetal force by which the moon revolves, 
&c. : : 1 : 178JJ (by pr. 25); therefore, ex equo, force 
3PK : centripetal force the moon revolves with : : 3lT X 1 
: PT X 178f£; or as IT : rad. X 59,575. 

[Ib. the half of which the moon] it fliould be, which the 
moon, by the action of the faid force, as it is in the firft edition. 

[Ib. And the angle PTM (Fig. 57) is equal to the angle, 
§cc.] for in this CEtfe LM is perpendicular to MP. Let PR 
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be a tangent to the point P ; then the triangle RPT is a right 
one; and angte RPM z= angle PTM. And angle LPM : 
< (RPM =) PTM (when the radius is PM) : : LM : RM 
: : force producing LM : force producing RM : : 1 : 59,575 . 

[Pr. 31, cor. and the decrement is to the remaining motion 
as 100, &c.] The motion of the nodes in, the octants : motion 
in the lyzygies : : 11073“ : 11023“: : (becaule 11073, 11023, 
10973, are in arithmetical, and nearly in -rr progreffion) 
11073 : 10973; and decrement : remaining motion : : (11073 

— 10973 =) 100 : 10973. 

[lb. but the decrement] (Fig. 58) for the decrements are 
as the forces and times, or as the whole motions and times; 
that is, decrement at H (or increment at h) : decrement at 
A : : mot. at H, and time : mot. at A, and time : : (that is, by 
what went before) as mot. at H x yy — £ ,T : mc *t. at A X 
rr — r (or mot. at A X £rr). This reafoning being very ob- 
fcure, you will find the motion of the nodes clearly invefiigat- 
ed in (prop. 5, fe<ft. 6, and cors. of) my Aftronomy. 

[Pr. 32, it is drawn back again] that is, fuppofing the place 
of the node given. 

[Pr. 32. Now the area of the femi-circle] For let NT = L 

AZ ~ y, TZ = x. Then eZ = — -gl — — , and Ae (AZ 
J 9.0827 4- yy 

— eZ ) = — * But '7 = 1 — xx > therefore Ae =: 

10.0827 + yy * J 

9.0827 \/l — xx _ b — 1 v'l — xx + — - + 

10.0827 — xx b — xx b bb 

&c. X into •/ 1 — xx, putting b = 10.08276, and the 

— — 1 XX x^ * 

fluxion area NAe = b — 1 X -jj- + x x 

y . 1 1 

V 1 — xx ; whofe fluent (by form 17, Fluxions) =: -g- + ■jgg’ 

1 An 1 

+ &c. X b — 1.0 (putting 0 = quadrant, or -^-J 

= .92435 0, therefore half the area NFn = .075650. And 

. - NFn , „ 

the area (J) (or quadrant) is to the area — - — , or the lemi- 

circle to the whole area NFn, as 1 to .07 365, or as 793 to 60. 


Digitized by Google 



©N THE PRINCIPIA. 15& 

{Prop. 3 3 , will nearly agree with] let N 19 49 3 55, 
p = periphery of ftAn or DFB, E the equation, S =: 
S.2NA. 

Then NAZ represents the mean motion of the nodes for the 
arc NA, as N does for the whole circle, and NAZ is the 
true motion ; and ATZ is the difference proportional to the 

equation. Divide by £r, and then p : — : : N : E, or p : 

: : £N : E, that is, p : S : : |N : E ; whence if BF rr SNA, 
then (by conftru&ion) AD : CD : : p : |N : : S ^E. Snp- 
pofe S an arc in DF, then 360 : £N : : degrees in S : E ; but 
deg. in S (in the circle DF) : degrees in DG (in the circle 
DG) : : AD : CD : : (by conllrutftion) 360 : £N in degrees : : 
degrees in S : E ; whence the degrees in DG ==. E, or th$ 
angle DAG = equation. 

[Ib. cor.] for in the fyzygies the areas ANZ and eNZ va- 
nifti ; and NA is 90° when they are in the quadratures ; 
and when in the odants the fine of BF = S.QO 1 ; tbere^ 


fore, 

38.3 1.58319 

Rad 10. 

1 0 


S. < A (1° SO') ...... 8.41681 


[Pr.2. p. 229, and by the demonftration] the angle ATN 
will be the diftance from the node J s true place, by conftru&ion. 
Alfo the mean motion of the fun in the time NA : mean 
motion of the node from the fun in the fame time : : (mean 
annual motion of the fun : mean annual motion of the node 
from the fun : : (by pr. 1) area of the ellipfis : area of the cir* 
cle : :) TBN : TFN ; but TBN was the mean motion of the 
fun in the time NA; and therefore TFN is the mean motion 
of the node from the fun in that time N A ; and FTN the an- 
gle of the mean motion, or the diftance of the fun from the 
mean plane of the node. 

[lb. cor J for (Fig. 59) let atn = nth = 45°, and fc JL to at ; 
then fc is the fine of fta, the As fcb and bth are fimilar ; there- 
fore fc : fb : ; b% : bh ; and, by compofition, fh : ct, or at : : bf : 
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fc ; and, by inverfion, fc is to at, or kt : : fb : fh, or by : J 

kH : Hid, or tk -f- tH. 

[Ib. but the fine of] draw oz _L to it, then oz is to fc in a ra- 
tio compounded of (or to fb or of) os to fg, and (the fine of 
orz or trs to the fine of f be or tbg, that is, of) ts to tg ; that 
is, in the compound ratio of os X ts to fg X tg, that is (be- 
caufe rad. ; cofine : : 2 ce fine : fine of the double arc, and 
therefore the redangle of the fine and cofine being as the fine 
of the double arc), as fine of 2otn to fine of 2ftn, or ra- 
dius. 


[Ib. fch.] for TS (TS + SK =) TK : : 360° : (360° + 
39 °.6355 ;=) 399.6353 : s 9.0827646 : 10,0827646. There- 
fore TH : TK : : ^<^0827646 : V io,08, &c. And therefore 
TH : HK : : 18,6524761 : 1 : : TS : SH : : mean motion of 
the fun : mean motion of the node = 19° 18' 1" 23 /,, f. 

Laftly, TK -f TH (= 38,22428) : KH ( = 1) : : rad. -.fine 
of 1° : 29' : 57" (by cor.). 

[Pr. 34, cor. 2, with due regard] for whilll p moves from 
Q to F, the fum of the areas is comprehended by TH pro- 
duced, FQ, and tangent to Q ; but, in moving from F to q, 
the line Hp falls on the other fide of the circumference, and 
the fum of thefe areas is that comprehended by FT produced, 
Fq, and the tangent to q ; and the difference of thefe areas 
is the femi-circle generated in the time of deferibing QAq ; 
and in the time of deferibing the whole circumference the 
whole circle will be generated. 

[Ib. cor. 4, that is, as the diameter] Suppofe Qp to be the 
double dillance of the moon from the quadratures- ; MK the 
fine thereof. Then Kk : Mp : : MK : radius. And the fum of 
all the Kk’s, or the diameter : fum of all the Mp’s or QAq : : 
fum of all the fines : fum of as many radii, or half as many 
diameters. And, therefore (multiplying the antecedents by 


and the confequents by 2), the fum of all the fines X 


: fum of as many diameters : : diameter x : whole 


PQ • XUU1 Ok 

circumference. 
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[Pr. 35, by the fame increments as the fine of inclination 
doth, by cor. 3.] For if AEG be double the diftance of the 
nodes from the quadratures, GED will be double the diftance 
of the nodes from the fun ; and they both have the fame 
fine. 

fib. fchol.] Here are feveral particulars about the moon's 
motion barely laid down, many of them being taken only from 
observations. ' - 

[lb. p. 235. The force of this a&ion is greater] It is greater 
the nearer it is, and attra&s the moon from the earth, and fo 
dilates the orbit the more. But the farther off, the lefs force, 
and the lefs the moon is drawn, from the earth. And at a 
greater diftance fhe moves flower; and at a lefs diftance 
fafter.' 

(Ib. farther, I found that the apogee] by cor. 14, pr. 16. 
b. I. And if a be the fun's mean diftance, and a + x any 

other diftance, then the motion will be as =* or -i- — 

a + x 3 a 3 

3x 1 3x * x 

— * or — X 1 and the equations, as -j or as x. 

a 4 a 3 a .a 

The motion of the fun, that is, the angular motion, is reci- 
procally as the fquare of the diftance. 

[Ib. but if the motion,] let v be the velocity, m the mean 

1 l Qx. 

motion of the fun. Then if v be as =s=r or ^ = 

a -f x a aa a 3 

m m, then the equation is < — m. But if v be as * 

a a a +.x s 

1 3x 3x ‘ • . Sx 

or — - — — = m — - — m. then the equation is — m. And ' 
a* a + a a 

. 2x SX 

the firft equation to the fecond is as — m to — m, or as 2 to 3. 

a a 

And hence the greateft equation of the apogee and nodes (fum 

of all the — m) : their mean motion (m) : : 2° 54' 30" : 
a 

fun’s mean motion ; the greateft equations being as the mean 
motions. 

Vol. III. M 
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[lb. P . 836. By the theory of gravity I likewifefoutid] For 
then the moon being nearer the . fan (in all points of its orbit 
taken together), the fan’s force inuft be greater. 

[Ib. p. 837. By the fame theory of gravity the a&ion,} 

For when the fun is in the line of the nodes, its whole force 
is exerted in moving the moon, and none in moving the plane 
of its orbit. 

[Ib. By the fame theory of gravity, the moon’s] by cor. 8, 
pr. 66, b. I. 

[Pr. 36, in other portions of the fun,] by the reafoning in 
cor. 19, pr. 66, L I. depreffion of the water at P : afcent at P 
in the diredlion PH : : (LM : TM : :) PT ; 3PK; and afcient 
at P in diredlion PH : afcent at P indirection TP : : (rad. ; | 

S.PTK : :) PT : PK ; therefore ( ex equo ) depreffion at P : 
perpendicular afcent there : : (PT* : SPK* : : ^PT* : PK 1 ; 1 

but the force PT that depreffes P is given, therefore the force 
to riaife the waters at P is always as PK>, that is, as the verfed 
fine of 2PTC, or twice the fun’s altitude. 

Alfo the effects of thefe forces (by cor. J4, pr. 66, 1. I.) at 
different diftances from the fun are reciprocally as the cubes 
of thefe dillances ; and, therefore. 

Cor. 1. The fun raifes the water under it to one Paris foot 
and 1 inches. , 

[Pr. 37, but becaufe of the reciprocation] fee pr. 24. 

[Ib. and the fun’s force in — ] (Fig. 60) let A be the po- 
fition of the moon, and ATP = angle the fun and moon 
makes at the earth’s centre ; and let PT reprefent the force of 1 
the fun, which divide into the forces PK, KT, PK, acting in 
the diredlion of the moon, increases her force ; KT acting in a 
different dirediion, diminifties it ; and therefore PK — KT 
(or the difference of the fine and cofine of the angle ATP) is 
the abfolute increafe of the moon’s force ; but this differs not 
much from the cofine of double the < ATP (in an angle of 
18°| the difference =r ,6310189), and in the arcs j 0° 45° 90° 
they perfectly agree. Or thus :* 

Let qc = moon’s force, ca = fun’s force (Fig 6l). If the 
fun is in n, let < ace =: 2 < acn ; then qe or qb =: fum 

3 < 
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of the forces, cb ~ fun’s force, in that pofition cof. of 2 
< acn (Fig. 62 ). 

[ib. But farther ; the force of the moon] for let PT be the 
whole force of the luminary in the place P (or in D), the other 
fide of (the earth or) its parallel ; the force DT = the two 
forces DK, KT. When the luminary is in D, the force to 
move the water in the direction TP is TK ; and the difference 
of thefe, or (TP — TK z= ) PK, is the difference of the 
forces in the points P, D ; or the abfolute force to move the 
fea at the lat. CTP. But PK is ot ° fine of ATP, or as cd 
cof. CTP. 

Then fince L + S is the whole force when the moon is near 
the fyzygies, and L — S in the quadratures, therefore 
0,8570327L mult be fubftituted for L only in the quantity 
L — S, which reprefents her force in the quadratures. 

[Ib. from whence we have] alfo 1,017522 L mull be fub- 
ftituted for L in L -f S, which reprefents her force in the fy- 
zygies ; and 0,9830427 L for L in L — ^ S, when Ihe is in the 
quadratures ; for thefe reprefent her attra&ive forces in tfl$ 
fyzygies and quadratures. 

[Pr. 38, as the accelerative gravity] for if the diameters b$ 
given, the forces to raife the water will be qc abfglute forces j 
and if the abfolute forces are given (the fpheres will be re- 
duced into fimilar fpheroids, for), the perturbating forces will 
be as the diameters (for the perturbating force is a PT, Fig. 
pr. 25). Therefore, if neither be given, the forces to raife 
the water in the moon and earth are in the compound ratio 
of the earth to the moon, and the moon’s diameter to the 
earth’s diameter, or as 1090 to 100 ; therefore the water rife* 
tp 931 leet in the moon. 

No notice is taken here of the tides being lefs by reafpn of 
the moon’s motion round the earth, than if Ihe flood ftill in a 
given pofition. Since the motion of the tides reaches 90° for 
every ebbing and flowing, it would feem that the faid motipiji 
coulfl notbe propagated through 90 9 to its greateft height, hji 
the time the moon flays in the meridian. But (by a compur 
tation from pr. 44, IJ.) it appears that water will ofcillate in 
a canal of 90° in length in § of an hour; therefore in that 
M 2 
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time the tides will be propagated to that diftance, * and rife to 
their higheft ; but the pofition of the moon in that time is 
not fenfiMy altered; and therefore the tides would rife no 
higher, though (he were always to ftand in a given pofition. 
But this fuppofes that there is depth enough of fea to fupply 
water fufficient for the purpoie. 

[Lem. 1 to pr. 39, to recede towards this fide and that fide] 
that is, all the parts of AC to a <5t in a dire&ion towards the 
fun; the parts of CE dire&ly from it. 

[Lem. 2. The matter in the circumference of every circle 
IK] by this is meant the circular ring (in the plane of the 
circle IK) comprehended between the furfaces of th$ fphere 
and fpheroid. 

[Lem. 3, about the fame axis] he means about its dia- 
meter. 

[Ib.] I. Let (Fig. 63) ABD be a fpherical furface, and 
AEFD a circumfcribing cylindric furface, and their common 
thicknefs the infinitely lmall line Bb or Aa. Divide AC into 

an infinite number of equal parts = in =x, and ered the 
planes id, ne; then the furfaces of the fphere and cylinder 
comprehended thereby are equal. Now, flux. mot. cyl. fur- 
face : flux. mot. fph. furface v : (as their matter X velocity, 

and the matter is given, and therefore as) CB x x, or id X x 
: uf X x. And mot. cyl. furface : mot. fph. furface : : as all 

the CB x x : to all the uf X x : : AD* : area of the circle 
ABDG. 

Again ; let (Fig. 64) ABD be a fphere, and AEFD its cir- 
cumfcribing cylinder ; ECA a cone, all revolving round AD. 
Divide BC into an infinite number of equal parts = bd = x. 
Through the points draw fpherical furfaces bg'd concentric to 
ABD, and cylindric furfaces bf terminated at the fine EC. 
Then (by what went before) mot. cyl. furface bdf: mot. fph. 
furface bdg : : AD 2, : circle ABDG. Therefore mot. all cyl. 
furfaces, or the folid EBC : mot. all the fph. furfaces, or the 
fphere : in the fame given ratio of AD* : to circle ABDG. 
Farther; flux. mot. cyl. (Fig. 65) round its axis a flux. 

mot. x velocity, that is, a ef 1 x x, or x*x. And the 
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y-* ^ * 

"whole motion is oc — . And therefore the motion of a cylin- 

3 

der round its axis a length x cube of its diameter X den- 
fity ; or as its weight X diameter. 

Lafily (Fig. 66); letEBCAbeacylind.andECAacone. Then 

flux.cyl. mot. : flux. con. mot. ::AE 3 X x : ba* X x::CA 3 x 
: Cb 3 x x,, or as ^x : x 3 x. Mot. cyl. round its axis : mot. 


. . x* 

cone round its axis : : nx : -j- : : (when x = r =: CA) 4 : 

1. Therefore mot. cyl. : mot fig. EBC (=: difference of 
mot. of cylinder and cone) : : 4 : (4 — 1 =) 3. Hence it 
follows, 

Mot. cyl. : mot. fol. EBC : : 4 : 3 
Mot. fol. EBC : mot. fphere : : diameter a : circle* 
Therefore, ex equo , 

Mot. cylinder : mot. of fphere : : 4 diam. cd : 3 circle. 
Or, 


Mot. fphere : mot. cylinder : : 3 circles : 4 diam. fquare. 

II. Flux. mot. cyl. : flux. mot. of a ring (or periphery) (Fig. 67 ) 
of the fame diameter and matter : : (as velocity x flux, mat- 


ter, as) x*x : rxx. And mot, cyl. : mot. ring : : — : 

3 2 

: : (when x = r) 2 : 3. And mot . cyl. : mot. any ring : : 2 
cylinders : 3 rings. 

JII. Let (Fig. 68) ED = z, and let z be given; then yz =: 
rx. Now flux. mot. ring round C : flux. mot. ring round A B 
: : rz : yz or rx. Therefore mot. ring round C : mot. ring 
round AB : rz : rx : : (w hen x r= r) AD : AC : : circum- 
ference : 2 diameters. 

Therefore from the 111, 2d, 3d, art. it follows, ex equo , that 
the motion of a fphere : motion of a ring round their axes : : 
as the matter in the cylinder and ring, and 6 x circumference 
X circle : 24 diam. cube : : or as fquare of the quadrantal arc 
: to fquare of the diameter : : ; that is, as matter in the cylin- 
der to matter in the ring,* and 61685 : to 100000; or as the 
matter in the fphere to the matter in the ring, and 925275 tQ 
IQOOOOO. 

M 3 
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[Pr. 39. (for the reafons above explained),] for (by cor. 2, 
prop. 30) mean horary motion of the nodes : 6" 35'" \6"" 36* : : 
AZ 1 : AT 1 . And the fum of all the mean horary motions 
throughout the year : fum of as many 16" 35"',&c. : : fum 
of all the AZ z : fum of as many AT 1 : : (by lem. 1, prop. 39) 
1:2; for the diurnal rotation and annual motion of the earth 
are fuppofed uniform. 

[Ib. But becaufe the plane of the equator,] For, by prop. 
SO, the difturbing force is as SPK (and in that prop., the in- 
clination of the planes being fmall, is not taken notice of) ; 
but when the plane of the orbit of P is inclined to the ecliptic, 
the line PK is projected into pK, and the force will therefore 
be diminifhed in the ratio of PK to pK, or as the radius to 
the cofine of inclination; for the difference of the diftances 
of P and T from the fun become lefs in that proportion, and 
the difference of the forces are diminiflied in the fame ratio. 

This being a proppfition of great difficulty, depending upon 
very intricate calculations, which few people are judges of, 
For this reafon, the author’s demonftrations have been object- 
ed to, and cenfured by fome people as not true. And Mr, 
Simpfon (in his Mifcellaneous Tracts), mentioning fome of 
thefe cavillers, falls into the fame notion. He has invented 
a fort of motion (which he calls Momentum) unknown to 
Sir Jfaac Newton, or any body elle, and which differs from 
Sir Ifaac’s in the ratio of 800000 to 9 25/25. But I never 
before heard of any motion that was not made up of the 
quantity of matter and velocity. 

Another frivolous objection he makes, is, about the motion 
of a ring being different from that of the equator; and he 
tells us, that the motion (Momentum) of a ring round its 
diameter is only half of what it would be when revolving in 
its plane round the centre. But it is more than half, for it is 
3.1416 

as 1 to — , as is demonftrated in art. 3. What he 

writes afterwards (though he fays it is evident) is not intelli- 
gible. But he concludes at laff, in his way, that Sir Ifaac 
Newton has made the preeeffion (by the fun’s force) to be 
but half of what k fliould be ; and as fome he mentions had 
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made the. whole proposition erroneous, he modeftly afcribes 
but tzco mijtakes to Sir Ifaac in this one proposition. But, 
*1 believe, that whoever reads the foregoing notes will foon be 
convinced that his demonstrations are all right ; and that, all 
thofe blunders they tell us of are entirely of their own mak> 
ing, and mult be afcribed to themfelves only. 

[Lem. 4, p. 254. Wherefore if both the quantity of light,] 
for quantity of light is as the quantity the body receives from 
the fun diredtly, and the fquare of the distance from the body 
reciprocally; that is, oc Tquare'of the apparent diameter 
directly, and Square of the body’s distance from us recipro- 
cally : therefore the body’s distance i.6 as the apparent diame- 
ter dire&ly, and V' light reciprocally. 

. [Pr. 40, cor. 4] For then the parabola and earth’s or- 
bit touch in the vertex, and the area there wiH be = \ ve- 
locity x distance, or radius, or | parameter; that is, = 2 * 
***««> „d -POOP x . 0 . 1364 } to[ diurol| 

2 .2 

horary motion. J The reft is phdn, from pr. 14> 'Ll. > 

[Lem. $ J (Fig* 69 ) For the ordinates AH, BI> CK, &cl 
put a, 2a, 3a, &c. and take the differences as follow ; 


i. 


a 2a 

3a 

, 4a: 


5a 

b 2b 


3b ' 

4b 


c 

2c 

3e 


4c 

d 


2d 

3d 



e 2e 

f. ' 


Now to Sind'any ordinate, as 4a, we have 4a =: 3 a — 3b 
= 2a 2b = a — b 

— 2b -r 2c — 2 X b + 2 X c 

+ o 

+ d = a — S.b -f S.c — d. 

And fo of others. 


INI 4 
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Case 1 . If we fubftitute for p, q, r, &o. their equals, wo 
lhall have, 

RS = a 

+ b x — SH 

+ c x — SH x— ? 

mt 


. c „ sr sk 

+ d x — SH x — — x — 
SI SK 

+ e x— SH X — — x — 


x 


SL 

4 



+ f x— SH x ~ 




x 


SM 
5 ' 


&c. 


Now let RS fall upon any ordinate, as, for example, on 
LD ; then SH, SI, SK, SL, &c. will be = LH, LI, LK, o, &c, 
= S, 2, 1, o, &c. refpe&ively ; which being written in the 
aforefaid feries, we have 

— 2 —2 — Id 

RS = a — S.b - 3 x — — c — 3 X — - x — — + 

2 2 3 


oe = a — S.b + S.c — d, which, by what went before, is 
the value of the ordinate DL ; and fince this holds generally, 
it is plain this feries will give the value of RS wherever it falls. 

Case 2. Let x reprefent any bafe HS, y any ordinate 
RS. Affume y = A + Bx + Cx x x — P + Dx x x — P, 
Xx- — Q, continued to as many terms as there are ordi- 
nates, which fuppofe four ; P, Q, R, & c. being rel'pedively 
= HI, HK, HL. ' Then, putting AH, BI, CK, DL, fuccef- 
fively for y and o, HI, HK, HL> for x, we (hall have from 
the general equation AH = A, BI = A + BP, CK = A + 

BQ + C Q x Q^P, DL = A + BR + CR x R — P 
+ DR X R — P x R — Q, that is, from the figure, 

AH = A = a. 

BI = A + B x HI. 

CK = A + B x HK + C x HK X IK. 

DL = A + B x HL + C x HL x IL + Dx HL x 
IL x KL. 

Whence, by Subtraction, 

AH— BI = — B x HI. 

BI — CK~ — B x IK — C x HK x IK. 
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CK — DL = — B X KL — C x HK + IL x KL — D 
x HL x IL x KL. 


AH— BI 
HI 


Then, dividing by the coefficients of B, 


= — B = b. 


BI a — B — CxHK = 2b. 

PK T)T 

^ KL — - ~ B ~ C * HK + IL — D x HL x IL 

= 3b. 

Again, by Subtra&ion, 
b — 2b =C X HK. 

2b — 3b — C x IL + D X HL X IL. And, dividing, 
b — 2b 


HK 


= Crc. 


fo .., , 3b = C + D x HL = 2c. Alfo 

IL 

c ^-2c = -D X HL; and 



Thus the coefficients A, B, C, &c. are determined for four 
ordinates, and they are found the fame way, if more ordinates 
are given. Then taking x at pleafure, as fuppofe = HS, then 

RS or y will be a + bx + cx X x — P + dx x x — P x 

x — Q, &c. = a -f b xp + cxp X IS + d * p x IS 
*X SK, &c. = a + bp + cq + dr, &c. 

[Cor. lem. 8, for then AC : AS (= Al — JI) : : ApC {] 
A Jdy — dp,x (= Aljxy — JIp,X), and : : ASC : ASJ (Propor. 
30) : : (A/xC + ASC =) ASCjxA : (AJdy — d/xx 4* ASJ =: 
ASJdyA — dp,x = (becaufe the As xS[l and JSp, are equal) 
ASJdyA — dp,x + xSfi — SJ/x = ASJ/^dyA — SJg, =s 
AS/xdyA : : time of defcribing Ap C : time of describing Ay p,. 

[Ib. SchoL] For Bn will cut the chord AC in a point a 
little beyond E (towards C), fuppofe at e. Now the area 
AEX/xA to the area ACY/xA is in fomething a greater ratio 
than AE to AC, as fuppofe as Ae to AC, more near than be* 
fore. Therefore ASEX/xA : ASCY/xA : : Ae : AC. Whence 
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ASBXptA (or ASEXpuA) : ASCYpuA : : Ae : AC ; or ASBYpuA 
: ASCYpiA : : (Ae : AC : :) time ip AB : time in AC, very 
near. \ : 

[Lem. 10, to the triangle ASC, that is,] ACjxA : ASC : : 
AC X f Mp, : AC x £SM (becaufe the <s SMA and Aljx- 
are equal, and Mp, = Ij x) : : AC X lyMp, : AC x SM 
: : MN : SM. And, by compofition, ASCpA : ASC : : 
SN : SM. 

, i [Lem 1 1 . Subduplicate proportion of 1 to 2,] and therefore — 

AC AI A l A 

— . And the arc in half the time = — =•. And — - -r 

v' 1 2 

AP 

£SP = = fpace described in descending. 

[Prop. 41, and BE, by lem. 11, is a portion,] tS and this 
hypothenufe (mentioned in the prop.) are the diftances of 
the earth and comet from the fun. Now BE to tV is com- 
pounded of BE to the part of the hypothenufe (projefted 
into BE), or of BS to the whole hypothenufe, and of that 
part of the hypothenufe to t V ; that is, as the gravitating 
forces at the comet and earth (for thefe lines would be de- 
feated, by falling bodies in’ equal times, by thefe forties); 
that is, as St^to hypothenufe fquare: and therefore BE,itV 
• : BS K St 1 : hypothenufe cube. 

Farther (Fig. 70); becaufe of the immenfe diftance of S, 
any of the points B, i, fij are nearly in the curve of the pa- 
rabola, and (i the vertex, and f/p, iA, q< 7 , nearly parallel. 
Therefore < I pi =; (by reafon of the re&angle Ii^A) <! pj*L, 
or zz S/*L. Therefore j^I is the diameter to the vertex 
alfo £? = (by conftru&ion) 3S<x + SiA = 3S<j -f 3lp =: 
3S<r + 3p p = (becaufe 20 <7 = Spp) 3S<r + 20 a; and there- 
fore £0 •= 3S<7 + 30(7 = 30S. But i*0 : If*- : : pir : Ip. 
But jxl is bife&ed by iA ; therefore Ip = 2lA ; and pa zz Ia 
zz -ftp (fince I a = 3lA, by conflru&ion) ; therefore p,0 zz 
|/xl. Whence (by lem. 8) a line drawn from £ 'divides the 
chord AC nearly as the time; whence BE drawn towards £ 
is rightly drawn. But (by conftrudtion) new BE : former 
BE : : BS 4 ; S/x, + |iA| z : : as the gravitating force at the 
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dHlaiice Sf& + |ix : to gravitatihg force <at the diftance B ok 
ft : : fpace fallen through at the diftance Sjx + -yix, ih the 
time of defcribing the arc ^Ap,C : fpace fallen through at B 
or (l, in the fame time. But former BE equal fpace ihllen 
through at p. Therefore new BE =± fpaee fallen through atf 
the diftance S ^ + $lx, in half the time the comet defcribes 
the arc intercepted between TA, *rC sr (by lem. 11) ix, of 
this new BE, nearly; which, therefore, is rightly determined 
nearer than before. 

Becaufe the diftante of the fun and comet is fomething 
more than the hypothenufe of the triangle, whofe b&fe is Sjtt, 
and perpendicular IO (becaufe O is only a point in the chord, 
which fhould be in the arc), therefore he ftippofes that dif- 
tance i= hypothenufe (whofe bafe is Sjx + ^ix, and perpen- 
dicular IO, that, is) = DO. Alfo MP : X : : (by conftruc- 
tion) y'St : \/OD : : (by cor. 6, pr. 16, I.) velocity of the 
comet at the diftance DO : velocity thereof at diftance St : : 
fpace defcribed (uniformly) at the diftance DO, and in the 
time of defcribing the arc ABC : fpace defcribed (uniformly) 
at the diftance St, in the fame time, which is equal X, by 
conftru&ion ; and therefore MP = fpace defcribed (uniform- 
ly) at the diftance DO (in the time that the arc ABC is de-» 
fcribed) (by lem. 10, cor.) to the chord of that arc. 

The points e, a, c, g; and s, ec, %, y, being found out as 
E, A, C, G, before, is with an intent to find, atlali, MP rr 
MN, or AC = AG. Wherefore feveral of them being thus 
found, and a (imple curve (viz. a circle) drawn through thefe 
points, finds the points Z and X, where thofe fines would be 
equal; for the nearer they approximate to equality, the nearer 
they come to the true points of the comet's orbit. 

Farther ; velocity of a comet at Q (in a parabola) : velo* 
city of a comet at Q (in a circle) (by cor. 7 , prop. 16, I.) : ; 
a/ 2 : 1 : : (nearly as) £ : 1. Alfo velocity at Q (in a circle) 
: velocity at t (in a circle) (by cor. 6, pr. 4, I) : : y'St : \/SQ. 
Therefore, ex equo , velocity of the comet at Q, in a parabola 
: velocity of the earth in its orbit at t : : §VSt : \/SQ.. Bnt 
velocity of the comet at Q : velocity of the earth at t : : (neat- 
ly as) AC :Tr. Therefore AC : Tr : ; Tv'St : ySQ; or 
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AC : fPr : : ✓St : ✓SQ. As it is by conftru&ion (for AC is 
to ^Tt in the reciprocal fubduplicate ratio of SQ to St, and 
aot in the direct fubduplicate ratio, as is falfely printed) ; there- 
fore Q is (nearly) in the chord of the parabola, and B a 
point of the comet’s orbit, nearly. 

Laftly ; ifMP = MN, or AG = AC; then Yb : YB: : 
Yc : YE : : ac : AC : : velocity in b : velocity in B : : ✓SB : 
✓Sb. But if Sb = SB and MP or AG invariable, it will he 
Yb : YB : : as ac or AG : AC, when the point G falls in CY. 

Therefore, nniverfally, Yb : YB :: AG X ✓SB: AC X ✓Sb 

; : MP X ✓SB : MN X ✓Sb, to find the point b true. 

[lb. p. 277, may be feen in the following table.] The places 
of the comet in this and all the other tables are the geocentric 
lougitudes and latitudes of the comet, 

[lb. p.283. And thinking, &c.] In Plate 18, while the 
comet pafles through I, K, L, M, &c. the earth paffes from 
between P and K towards G. Whence the comet will move 
fwift through LKL ahd NOP; flower through LBM and 
OKS, as is laid in the foregoing p. 282. 

jjiji 

[lb. p. 285, as about 6 to 1000,] for, by p. 27 4-5, - =3 

6, nearly ; when earth’s dift. s= 1000. 

[Ib. p. 290, I (Fig- 71) found, that at the height, &c.] 
Let SA = rad. earth = 20950000 Englilh feet, nearly, AB = 
g50 AF _ A s, and the denfities AH and BI are as 33 to 32, 
W(by cor. 2, p. 22, II.) Aa-Bb : Aa-Ff ; = thin : thnz; 
that is, AB X SF, or 2AB x SA : AF X SB, or SB X SA : ; 
thin : thnz; or 2AB : SB ; : thin : thnz; that is, 1 : 12324 : ; 
-thin : thnz ; : (by fchol. pr. 86, hyperbola) log. St — log. Su 
. Iqo-. St — log. Sz :: ,013364 : 1.518514 — log. Sz, 
Whence log. Sz 3s — 164.820578; and SZ or FN =3 
/ qi 63 ciphers ) <36 +. Wherefore FN : AH : : ,0 ,6} 66 : 33 : :, 
or as 2 : 10’ 65 : : 1 : 10‘ 64 : : denfitv in F : denfity in A. 
But the diameter of Saturn’s orb is = 101 times the femi- 
diameter of the orb’s magnus = 191 X 20000 radii of the 
earth = 191 X 20000 X 20950000 X 12 inches = 96 O’ 1 
+ inches. And a fphere of 1 inch diameter : to this fphere 

3 : as 1 : yoO'T : : 1 ; 88 0 !3 + ; but IQ’ 44 > 8 0 ,4 « There* 
fore, &c. 
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[Pr. 42.] the correction of the orbit lier£ given is com- 
puted by the Rule of Falfe ; lft, for the longitude of the node, 
by operation 1 and 2; and, 2dly, for the inclination of the 
orbit, by operation 1 and 3. 

I. for the longitude of the node ; fince (by conftru&ion) 
time of defcribing D : time of defcribing E::D:E::G: 1; 
and (time of defcribing E, nearly =) time B : time A : : 1 : 
C ; therefore (ex equo) time of defcribing D : time A : : G : 
C ; therefore G — C is the error of the times between the 
firft and fecond obfervations, for the given longitude of the 
node K, and the given inclination of the orbit I. Again ; 

Time of defcribing d : tinie of defcribing e : : d :e : : g : 

1 ; and time of defcribing e (nearly =) time B : A : : 1 : C ; 
therefore time of defcribing d : time A : : g : C ; and g — C 
is the error of time between the two firft obfervations, for the 
longitude K + P, and inclination I ; therefore, by the Rule 
of Falfe, by two pofitions (which fays, diff. er. : diff. pofi- 
tions : : either er. : corre&ion of its pofition), G — g : G — C 

. . p . if if p = the correction of K ; or the compvtta- 

G — g 

tionmay be thus: fince to the fuppofition K and K + P 
the errors between the firft and third obfervations in thefe 
two cafes areT — S, and t — S, therefore T — t : T S : : 

p ; p = the fame correction of K ; therefore mP 

{is to be) — y — ^ P = — •— P 5 and therefore mT 

tat = T — S ; and mG — mg = G — C. 

II. For the inclination of the orbit, it is plain T — S = 
firft error of the times between the firft and third obfervations 
to the given node K, and inclination I ; and r, S — error 
between the firft and third obfervations to the node K, and in- 
clination I + Q. Therefore (by the Rule of Falfe) T — t : 

T S : : Q : - Q zz correction of I. Again; this time 

of defcribing S : time of defcribing £ : : 5 : e : : y : 1 5 and 
{time of defcribing e = nearly) time B : A : : 1 : C : ergo 
time of defcribing ? : A ; : y : C ; therefore y — :C = error 
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of the times between the firft and fecond obfervations to 
t<he node K and inclination I + Q ; and G — C was the 
error between the firft and fecond obfervations to the node 
K and inclination I; therefore (as before) G — y : G — C 
G C 

t : Q : 7^ Q = corre&ion of I ; therefore nQ (muft be) 

G — y 

t= ^ ~ C Q ; and nT— nr = T — S, and 

1 T G y 

nG — ny = G — C. Laftly; from (I. and II.) 2T — 
VS — mT — mt + nT — nr ; and 2G — 2C = mG — mg 
+ nG — n y ; therefore the numbers m, n, are rightly found. 

(Ib. and, laftly, if in — ] becaufe the longitudes in the firft 
and fecond orbits are K and K + mP, therefore the latus rec- 
tum will be R and R + r — R X m ; and becaufe, in the 
firft and third orbits or planes thereof, the inclinations are I 
and I + nQ, therefore the latus returns will be R and R + 
jj — R x n ; or R + r — R X m, and R + r — R X 

m + ^ — R'xn. ’ 

Or thus; if the longitude K be increafed (in op. 1, «) bjr 
P, then (becaufe the diftance of the perihelion from the fun 
is increafed accordingly) the latus redum will be increafed 
by r — R ; and if the longitude be increafed by mP, the latus 
redum will be increafed by mr — R. And, for the fame 
'reafon (in op. I, 3), if the inclination be increafed to nQ, the 
latus redum will be increafed to JNj — R (for at the increafe 
Q the increafe of the latus redum is = g — R, fince the 
whole is j, or R + ? — R ;) ; therefore if both longitude 
and inclination be increafed, the latus redum will be increaf- 
ed in both tbefe refpe&B, aud will become R + mr — mR 
n^ • nR. 

Allb when K becomes K + P, the tranfverfe becomes 
or - ; alfo when K. becomes K + mP, the 

L +1 — L 1 

itranfverfe becomes * -■ 1 for the fame reafon, when 

' L + ni.i — L 

1 isincreafed tp I + nQ, the tranfverie is •— i — - 1 . , ^ 

JL + U, i-4 
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Therefore when both longitude and inclination are increafed, 

the tranfverfe will then be ; \ 

L -f ml — mL -f n* — nL 

[lb, fch. p, 307, the comet] for, by p'. 285, comet's dift. : 

earth's dift from 0 : : 6 : 1000 : : dift. comet in o diameters 

- (eai th s dift. in © diam. — ) 109 O diam. ; therefore 

> • 654 

comet’s dift. from the fun’s centre = — — = 654 diams. 

1000 

and from its furface = ,154 diams. = JL fun’s diameter. 


End of the Comment. 
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A 


BEFENCE 

OF 

SIR ISAAC NEWTON , 

against the objections that have been mad* 

V T0 

Several Parts of the Principia . 


Raro antecedentem fceleftum, 

Deferuit pede poena claudo. Hob. Lib. III. 



JL HIS incomparable Treatife being written in a concile 
ftyle, and in the fynthetic method, and being upon fubjecls 
quite new and untouched before, the generality of readers 
could make little of it. As it contained a new fyftem of phi- 
lofophy, built upon the moft fublime geometry, the greateft 
mathematicians were obliged to ftudy it with great care and 
attention, and few became matters of the fubje<ft ; fo that for 
a long time it was little read. But, at laft, when the value 
of it became more known, it gained univerfal approbation, 
and the whole world flood amazed at the numberlefs new dif- 
coveries contained therein. And, upon account of its uni- 
verfal agreement with all the phenomena of nature, it was 
adopted as the oply true fyftem by all, except fome few that^ 
through envy or ignorance, were bigoted to fome othejj 
fcheme. 

It is true, many things therein depend upon very difficult 
mathematical computations not eafily comprehended by every 
reader; and this has given occafion to fome people to 
queftion, or even deny, the truth of feveral propofttions laid 
down in this work ; and have therefore given computations of 
their own, different from lys, which they affert for truth, and 
thereby, as they think, proving his to be falfe. I ftiall, there- 
fore, fpend a little time in anfwering the moft material of thefe 
obje&ions, and fhallfhew that thefe principles objected again® 
Vol. III. N 
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are all true in the fenfe Sir Ifaac meant them ; and that I 
thefe obje&ions are only the effect of their own ignorance or 
inattention. 

J. Bernoulli (tom. IV. p. 3405 thinks Newton’s demon- 
Hration of cor. 4th to the laws is imperfect, where he fays, 
ouh / the aSion of two bodies is conjidered ; and lays down a 
method by which he thinks it may be fully demonftrated ; 
but at laft leaves it undemonftrated himfelf, and tells you that 
this is the foundation, but leaves the calculation for others to 
make out. 

^R*t Sir Ifaac Newton, after he had (hewn the truth of the 
cor. in ttvo. bodies, (hews that the common centre of gravity 
of thefe two bodies and a third will either be at reft, or move 
uniformly in a right line ; and from thence that the centre of 
gravity of any two (in a fyftem of bodies) fuffers no change 
of ftate by their actions upon one another. From whence it 
follows, that in the whole fyftem all thefe actions (compofed 
of the acftion of every two) can induce no change; and if the 
a&ious of any two make no difference in the centre of gra r- 
vity of the whole, feparately confidered, then the a&ions of 
every two confidered collecftively can make no difference. 
This is certainly fo, though delivered in a few words: Sir 
Ifaac was not writing to children. 

The fame Bernoulli (p. 347) obje&s againft the 10th pr. 
b. II. for not being folved in a way general enough to pleafe 
him. Here Sir Ifaac has folved the problem according to that 
law of refiftance which really exifts ; but could not fpare time, 
or fill up his work with ufelefs enquiries, or things of no con- 
fequence. His noble ftrudlure, the Principia, is all gold; 
but he has left the drofs for fuch, authors as thefe, who are 
fond of any thing, and will ferve well enough for building up 
their fyftems. This author in particular is always depreciating 
Sir Ifaac, and extolling his own performances ; though they 
are long, tedious, and laborious to the laft degree, and often 
falfe ; although he has the advantage of the analytical and 
fluxional methods, and feems to be ignorant that the method 
of analyfis by which he ( Bernoulli) folves thefe problems is 
incomparably ftiorter than the method of compofition in 
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which Sir Ifaac has written. Had he written the Principia 
in the analytic way, or according to the method of Fluxions, 
a fcience then utterly unknown to the world, it could not 
have been read by any man living. By the fame way of rea- 
foning, this boafting mathematical bully may as well condemn 
Euclid’s Elements, or Apollonius's Conics, *becaufe moft of 
the propofitions may be demonftrated incomparably Ihorter 
by common algebra. 

This Author feems to have a particular fpite againft the 
Englilh mathematicians, being always carping and criticifing. 
His works are full of inve6iives againft Sir Ifaac Newton for 
his great difcoveries, which this low critic is unfuccefsfully 
endeavouring to imitate. When one perfon has another 
man’s works to look through, he muft be a great blunderbufs 
that cannot make fome fmall additions : a man placed upon 
another’s thoulders will fee farther than his fupporter ; yet in 
many cafes he has difimproved Sir Ifaac Newton. Sir Ifaac 
had a work entirely new to execute, in a fhort and general 
way, and could not take notice of every bauble : this author 
has had nothing to do but to imitate. The regular works of 
the one will live through all ages ; but the confufed chaos of 
the other will fink into everlafting oblivion. 

The fame author (p. 484) alfo objects againft the demon- 
ftration of the S6th prop. b. II. For, fays he, fince in New- 
ton’s catarad there is no comprefflon of the water in any place , 
nor Qgainft the fides of the catarad , the external water preff- 
ing inwards muft dijlurb the catarad, and mix with it ; and , 
therefore , the Newtonian explication being contrary to the 
laws of Hydrojtatics, cannot fubjijl . Yet what Newton fays 
(cafe 1) might have fatisfied him. His words are; For let 
the ice in the vejfel dijfolve into water , yet will the efflux of the 
water , as to its velocity , rejnain the fame as before . It will 
not be lefs, becaufe the ice , now dijfolved, will endeavour to 
defeend : it will not be greater , becaufe the ice , now become 
water , cannot defeend without hindering the defeent of other 
water equal to its own defeent . But this author is eternally 
cavilling at every thing ; and all his whole fedlion on this 
fubjeft, confiding of about 100 pages, where he has toffed this 
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problem about into all forms, is nothing but a heap of abfurd, 

inconfiftent fluff, neither agreeable to theoiy nor experiment. 

So we fhall leave him here drowned in a gurges of bis own 

contriving. 

In the demonftration of prop, 47, b. II. Sir Ifaac Newton 
affumes for a principle, that the parts of the air have a motion 
excited in them, by fome caufe or other, according to the laws 
of an ofcillating pendulum. But Euler has found fault with 
him for making fuch an hypothecs; and has himfelf . affumed 
fome different hypothefes, from which he has pretended to 
demonftrate that the motion of the particles of air are moved 
according to fuch hypothefes ; and that his demonftration 
for his hypothefis is as valid as Newton’s is for his. But Sir 
Ifaac Newton’s hypothefis is more than an affumed one, for 
it is true in fact; for any tremulous or vibrating body from 
which found is propagated is known to vibrate according to 
this law, affumed by Newton \ and the like motion is com- 
municated to the particles of air. Therefore he has rightly 
affumed that the medium has fuch a motion excited in it; 
and confequently that it will continue to move according to 
that law. But there is no fuch law of a vibrating body as 
JEuler affumes, and therefore his demonftrations come to 
nothing. To find the velocity of found is a very fubtle pro- 
blem ; and they that would fee it truly refolved may find it 
in my book of Fluxions, prob. 23, fed. 3. 

In b. II. prop. 52, Sir Ifaac Newton has inveftigated the 
properties of vortices, in order to fee whether the celeftial 
motions can be accounted for thereby; and he has fhewn 
that the celeftial bodies are not carried round in vortices. But 
J. Bernoulli , a perfon of eternal contradiction, has under- 
taken to defend the notion of vortexes, though fhewn to be 
abfurd and impofiible. Let him frame what hypothefis he 
will for the planets, he muft find vortexes meeting one ano- 
ther for the comets, that move all manner of ways. There- 
fore, to clear this point, he muft have his vortexes made of 
fuch fluid matter as has neither friction nor refiftance, and 
that one part be penetrable to another part ; that is, fuch a 
fluid as cannot be found in the world* Such is the blinded. 
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bigoted, prejudice of fome people, that the cleareft demon- 
firations cannot cure their madnefs. If any body aiks one of 
this ftamp hoft the planets move round, they prefently an- 
fwer, in vortexes. But afk them what caufes the vprtexes to 
move round, here they are at a Hand, and have nothing to 
fay, but that they move by their own nature : but they 
might as well have faid at firft that the planets move round by 
their own nature, if they can give no better account of 
them, and fo fave the labour of conftru&ing tbefe ufelefs 
vortices. 

Another author that -is vortex-mad , is Euler , and he feems 
to go beyond any of the reft, for he cannot account for the 
rifing of the tides without vortexes ; but he has not (hewn us 
by what extraordinary mechanifm, or invifible wheelwork, 
his vortices are conftituted, fo as to be able to produce the 
tides, or caufe the motion of the comets, fince thefe vortices 
muft all run counter to one another, and penetrate one ano- 
ther, and yet miraculoufly preferve their motions entire. 

This idle notion was firft introduced in the time of igno- 
rance, upon the fuppofition of a fuga vacui y or that nature 
abhorred a vacuum ; but, by our better acquaintance with the 
nature and properties of body, and the laws of motion, we 
now know that the operations of nature cannot be performed 
in a plenum , and therefore a vacuum is abfolutely neceflfary. 

If we had known of no celeftial bodies but the planets mov- 
ing all one way, the fuppofition of a vortex to carry them 
about, clumfy as it is, might have paffed for poffible ; but 
one would have thought that the comets? moving all manner 
of ways would have cured this delirious notion, and have 
taught them the impoffibility of fuch a fcheme : but thefe 
authors, thefe defenders of vortices, are fo hardy, that they 
are not at all afraid of an abfurdity or a contradi&ion. Thefe 
things do not affect or touch them in the leaft ; but they go 
on unconcerned in their ufual way, though contrary to all the 
laws of nature. 

Did I fay that the theory of vortices had its original from 
the principle of cl fuga vacui 9 I did. And the principle of 
a fuga vacui had its rife from the phenomena of water rifing 
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in pumps and fiphons, as in the Torricellian experiment? 
Here, for want of trying fuch experiments to their foil ex- 
tent, the principle of a fuga vacui was affumed by thefe phi- 
lofophers as the genuine caufe of thefe effe&s ; fo that, upon 
no better a footing than this, though the true caufe of thefe 
effe&s (the external preffure of the air) be now perfedlly 
known, yet with thefe bigoted people the lame falfe principle 
Hill exifts. 

Thefe philofophers (if they can be called fuch) are endea- 
vouring, contrary to the nature of things, to find out the 
moft complicate caufes for explaining the phenomena, in- 
ftead of feeking the fimpleft caufes ; and they feem utterly to 
reject all fimple caufes, which are the greateft beauty of 
nature ; for if their brains were not turned round in a vortex, 
they could never prefer thefe complex vortical fchemes before 
the fimple dodlrine of proje&ile and centripetal forces. Such 
Philofophers ! 

Sir Ifaac Newton had Ihewn, in the fcliol. of prop. 14, b. 
III. that the aphelions of the interior planets move a little in 
confequentia (by the a&ions of Jupiter and Saturn) in the fef- 
quiplicate ratio of their diftances from the fun ; but Bernoulli 
fays this is falfe, for it holds not true in Saturn ; and yet Sir 
Ifaac tells him exprefsly it is the inferior planets that obferve 
that law. So little do fome men care what they write, if they 
can only put on an air of con tradition. 

In finding the proportion of the axis and diameter of the 
earth, prop. 19, b. III. Sir Ifaac affumesthem to be as 100 
to 101, and from thence finds the excefs of weight in one 


above the other to be 


4 

505 


parts. 


Therefore be makes this 


proportion : : the force ~ the true excefs 

of height. Yet fome people have obje&ed againft this as a 
wrong way. But herein they are much miftaken ; for if any 
force be increafed, the effect will be increafed in the fame 
ratio ; and therefore increafing the centrifugal force here 
will increafe the difference of the heights In the very fame 
proportion, as thefe quantities are very fmall. Upon thi$ 
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account, fome people have unneceffarily run into long cal- 
culations, and only came, at laft, to the fame conclufion. 

And the fame argument holds good againft fuch as have 
objedled againft finding the height of the tide (cor. prop. 36, 
b. III.) by the rule of proportion, comparing it with the cen- 
trifugal force ; for all forces of whatever kind will produce 
effects proportional to the quantities of thefe forces ; and there- 
fore he has rightly found the height of the tide by that 
proportion. 

But Sir Ifaac Newton's explanation of the tides (prop. 24, 
b. III.) does not pleafe Euler , though he accounts for every 
circumftance thereof. He thinks aferibing thefe effe&s to 
the actions of the fun and moon is recurring to occult caufes , 
and therefore he had rather recur to vortexes for the expla- 
nation thereof, the notion of which has been confuted over 
and over. He denies the gravitation of bodies towards one 
another, becaufe he cannot difeover the caufe of gravity ; and 
therefore he will not allow it to have any thing to do with 
the matter, as being an occult quality. But he recurs to a 
principle that is more than occult, his incomprehenfible vor- 
tices, which he thinks the tides are raifed by, though he 
has not attempted to explain in what manner his vortices 
can do it. 

He fays, Sir Ifaac Newton’s account of the tides is not fuf- 
ficiently explained, that any certain judgment can be formed 
whether it is true or falle; that he did not explain the phae- 
nomena of the tides, but only darkened them, But certainly 
this man does not know what he writes, or does not care what 
he writes. Sir Ifaac explained all the principal phenomena 
thereof, and has (hewn that his theory is agreeable to obfer-* 
vations both in nature and quantity ; and all matters of lefs 
note may be e.afily deduced from his general theory by any 
intelligent perfon. But Sir Ifaac did not choofe to ere& any 
pontes ajinorum. 

This author values himfelf very much for rejecting the prin- 
ciple, of attra&ion eftablilhed by fome Englijhmen , becaufe it 
is an occult quality. This profound Philofopher will either 
know every thing or nothing; he will make no ufe of the 
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forces of gravity, becaufe he knows not the caufe of gravity.. 
For the very fame reafon he would want to know the caufe of 
that caufe ; and fo he mull know every thing in the whole 
chain of caufes and effe&s, or he cannot be fatisfied. This 
odd temper in fome men arifes from the pride of the human 
mind, which attempts to foar above its fphere. They dif- 
dain to know the little matter that is within their power to 
know ; whilft they are continually afpiring at things that are 
without the reach of their knowledge ; things for which they 
have no faculties fuited to underftand, and no data to deter- 
mine. This is not to philofophize, but to trifle. 

As this Gentleman takes the liberty to fneer at the Englijh , 
he may pleafe to ftay and take this obfervation along with 
him, — that, if it had not been for an Englijhman , be (and 
fuch like) had known nothing. To him they are beholden 
for all thefe great and wonderful difcoveries which all the 
world acknowledge and praife him for, except thefe fons of 
detra&ion, envy, and ingratitude; difcoveries that may 
be looked upon as the works of a genius rather divine than 
human. 

The Englijh have found, by experience, that, by the power 
of fome caufe or other, all bodies are drawn or impelled to- 
wards one another according to certain laws ; and thefe laws 
are found out by obfervations, and a juft reafoning from the 
laws of motion. This caufe, be it what it will, they call gravity > 
without pretending to determine of what kind it is. If this 
author knew the phyfical caufe of gravity ever fo well, he 
would be no wifer ; for the effe&s of it would be juft the fame ; 
and we can meafure the effe&s of gravity, and from thence 
find the quantities and proportions of the generating forces, 
without knowing what thefe forces confift in; fo that the 
knowledge of fuch a caufe would be only a ufelefs fpeculation. 
But this author is fo fearful of occult caufes, that he dare not 
make ufe of their manifeft effects ; and condemns the £ngli(h 
at once for believing their own eyes that there are fuch eflfe&s 
flowing from this unknown caufe, which they have agreed to 
pall gravity ; for it appears to them that the eflfe&s thereof 
.are all that they have any tiling to do with# Sir Ifaac New- 
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ton tells him, more than once, that he does not take upon him 
to define the kind or manner of aCtion , or the caufes or phyfical 
reafon thereof ; but this author cannot take it in. 

Some perfons, when they can find nothing eHe to fay, have 
cavilled about the term gravity , and fo their objections are 
dwindled to a difpute about words, and not things. I fuppofe 
every thing in nature, that we have occafion to make the 
leaft ufe of in our difeourfe and reafon ing, be it known or un- 
known, ought to have a name given it to diftinguifli it from 
other things, and to convey our meaning to others ; and thus 
the caufe of the acceleration of bodies towards one another 
is expreffed by the word gravity , and the action itfelf is called 
gravitation. The word attraction is ufed in tjie very fame 
fenfe ; that is, not in a phyfical but mathematical fenfe, which 
regards only the quantity of the caufe. That-thefe terms are 
the moft proper that could be chofen, will appear from hence : 
the word attraction is taken from its moft manifeft quality ; 
for a body moving towards another with an accelerated mo- 
tion has all the appearance poffible of being drawn towards 
that other by fome inherent virtue in the other. The word 
gravity has evermore expreffed the tendency of a heavy 
body to the earth ; and, therefore, by parity of reafon, will 
as properly exprefs the tendency of the moon towards the 
earth, or of the earth towards the fun, or of any body towards 
another body. 

Suppofe this philofopher, or any other of that fort, was 
afked to calculate the times, fpaces, or velocities of falling 
bodies (which is the moft fimple cafe that can be propofed 
about gravity), would not any body juftly laugh at him, if he 
flood to demur about it, and refufe to calculate till he knew 
whether their falling was caufed by attraction, impuHion, or 
the rotation of a vortex ? And would not he equally deferve 
to be laughed at, that fhould hefitate to calculate the mo-* 
tions of the moon, or of the earth and planets, or of the 
tides, upon the fame account, when they are all acted upon 
by the fame unknown caufe of gravity ? 

But, to return to the tides. This gentleman ( Euler) tells 
lis, that Newton’s method is erroneous, by which he found 
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the fea to rife to the height of near two feet, by the fun's 
force only ; and fays, that Newton found out this enormous 
effe<9; by comparing the fun’s force with the centrifugal force 
of the earth. Thfs has been anfwered before ; and certainly 
this Gentleman lenows little about the nature of forces, if he 
does not allow that two equal forces, of however different 
kinds, will always have equal effe&s ; and proportional forces 
proportional effedls, efpecially in their nafcent flate ; for it 
is not the kind but the quantity of force that is to be re- 
garded : therefore Newton rightly found the folar tide near 
two feet, and the lunar tide feet, agreeable to experience. 
But, to (hew you what fort of a theory this Gentleman works 
*7* he finds the Tolar tide only half a foot, and the lunar 
tide 2i feet; in all not three feet ; which all observations con- 
fute, and, with it, his erroneous method of computation. I 
have met with nobody yet but what makes it at lead three 

times as much. 

« 

He alfo tells us that Newton found out the forces of the 
fun and moon by help of the tides; but he has not done it 
accurately : and yet Newton took in every circumftance 
that could any way affetSl it, as may be feen in prop. 37, 

b. III. 

Having had occafion to compare different kinds of forces 
with one^another, I will venture to lay down this as a general 
rule,— that all forces whatever, whether attra&ive orimpulfive, 
centripetal or centrifugal, or of what kind foever, if they be 
equal, they will produce equal effedls ; and, therefore, how 
idle mud it be for thefe men to wrangle about the kind , when 
the quantity only is concerned in the effect, and can only be 
of any real ufe to us in our calculations ! The enquiry after 
the kind and modus of adlion is a phyfical or rather a me- 
taphyfical fpeculation, the knowledge of which they can never 
come at. 

It has likewife been objected, by fome perfons, that the 
two examples pf Newton for finding the tides are ill chofen ; 
but,however, hehad no more to choofe from, and by their near 
agreement it (hews they were well chofen. Euler tells you, . 
that, at Ilavrfr de Grace , the greateft and lead tides are as 
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17 to 11 ; and therefore the .fun’s force to the moon’s will 
be as 17 — 11 to 17 + 11, or as 6 to 28; or, as he makes 
it, as 7*13 to 28, which is about as 1 to 4; a proportion not 
very different from Newton’s. Dan . Bernoulli fays, that, at 
St. Maloy the greateft height to the leaft is as 30 to 15, 
which makes the fun’s force to the moon’s as 35 to 65, or 
as 7 to 13, not fo much as 1 to 2 ; a'conclufion utterly incon- 
tinent with all other obfervations ; which argues that the 
obfervation has not been made* with Sufficient accuracy. 
However, this is certain, — that, if any place can be improper 
for fuch an experiment, this place is, by reafon of the very 
extraordinary tides; for here the tide, being- hurried up a 
long channel growing continually ftraighter, is forced up 
to an unufual height. 

However, I cannot think that it fignifies a great deal where 
or in what places thefe experiments are made, provided the 
fea be deep, and have free accefs and recefs to and from the 
place of obfervation ; for though the tides be higher in one 
place than another, the fun and moon confpire alike to that: 
for if the water be accelerated in any degree by the moon’s 
force, it will likewife be accelerated proportionably by the 
fun’s force, fo that the refult will be nearly the fame. 

I cannot but be furprifed, that, in fo material a point as this, 
no perfon has been lent purpofely to proper places to make 
obfervations of the tides; fince by this method only the 
forces of the fun and moon can be determined to any tolera- 
ble degree of exaftnefs, No celeftial obfervations can affift 
us in this matter: aftronomy affords us no help; and there 
feems to be no way for us to gain this great point, but this 
method by the tides. The forces of the fun and moon are fo 
very fmall, in refpeft to the force of gravity, that no com- 
mon hydroftatical experiment can fhew us the leaft effefts 
thereof : it is only in the tides that their effects become fen- 
fible. 

The forces of the fun and moon reach to the very centre of 
the earth, and aft upon every point of the radius or column of 
water under them, and diminilh the gravity of every particle 
thereof; and all thefe forces confpire together to raife the tide ; 
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and therefore the radius of the earth becomes the proper 
fcale for all thefe forces to a<d on. And we cannot fee the 
total effeCl of all thefe forces, nnlefs we have a depth equal 
to the whole radius of the earth, or an extent of fea of 90 
degrees ; and this effeCt on the tides, when at the greated, 
will then only amount to a few feet. 

If I was to give dire&iops for making obfervations on the 
tides for this purpofe, I would advife to choofe fome place 
near the equino&ial; as, on the coaffs of Africa or America ; 
and the place would be moft advantageous where the fun and 
moon are in the zenith at the fird obfervation; and in the 
horizon at the fecond, for the fpring tide9 ; and one in the 
zenith, and the other in the horizon, for two obfervations at 
the neap tides : and fuch places (hould be chofen where the 
fea is of large extent, and deep, fo as to communicate freely 
with the place, backward and forward. Such places will be 
bed in a calm country, and performed in calm weather ; and 
all circumdances of weather (hould be alike (as near as can 
be) at any two correfpondent times of obfervation— the fy- 
zygies and quadratures. Thefe obfervations (hould be made 
at the fyzygies and quadratures, both day and night ; and 
alfo when the tides are highed and lowed, which is three 
days after. But, for fome purpofes, trial (hould be made 
every day ; and the bufinefs of trying at the fyzygies and 
quadratures (hould be continued for a twelvemonth: and more 
places than one (hould be tried. Perhaps fome ifland in the 
middle of the fea, as St. Helena , may be proper; for the 
wealher.is likely to be more uniform than on the continent.-— 
Having thus gained, a fufficient number of obfervations, the 
bed may be fele&ed, and a mean ratio found, by which this 
matter will be finally determined. 

There are fome people that objeCt to this method of finding 
the fun's and moon’s forces by the tides ; and reckon it very 
precarious, and fubjeCt to many obdacles and intervening 
•caufes, by which the tides are perpetually influenced and dif- 
turbed; as if everything had not its difficulties. The only 
diflurbing caufe is the wind : yet they can tell us of no other 
method, but what is more precarious, more impracticable, 
and led exaCi. So much of the tides* 
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'the 39th prop, is about finding the preceffion of the equk 
uoxes : againft this, being a problem of great difficulty, ob- 
jections have been raifed by feveral people; alleging, that it 
is not truly demonft rated. Mr. Simpfon is among (his clan ; 
and he abfurdly makes the preceffion by the fun's force alofcie 
to be 21" 6'", which is double to Sir Ifaac Newton's : the confe- 
quence of which is, that the motion by the moon's force will 
be only 29" ; fo that, by this, the moon's force will be to the 
fun’s only as If to 1 : yet he fays, in another place, that the 
moon's force to the fun's cannot be lefs than 2| to 1 : fo incon- 
fiftent and erroneous are his operations. But this has been 
taken notice 6f before in the Comment. But the moon’s 
force mull be greater than 2{ ; for, in all obfervations of the 
tides that have been regularly made, the moon’s force is 4, 
or more: and it is hardly poffible, in any obfervation of the 
tides made with any tolerable degree of care, to mifs near a 
half. They that would fee the preceffion of the equinoxes 
truly calculated, will find it in prob. 26, feet. 3, of my 
Fluxions. 

Other objections, of lefs moment, I pafs over, as their 
malignity and falfehood will appear to every reader; fuch as 
the abfurd opinion that motion cannot be loft in the world 
(concerning which* fee my Mechanics, 4to. A prop. 10, and 
cors.) ; alfo the falfe opinions of thofe that deny that the com- 
pofition and refolution of forces are analogous to the compo- 
fition and refolution of motions, which are their adequate 
effects ; their endlefs cavils againft his method of demonftrat- 
ing any propofition, which is the fynthetical, preferring their 
own analytical methods, as being fhorter, which is no won- 
der; their introducing into phyfical calculations an obfcure, 
precarious law or force, called vis viva , founded upon no cer- 
tain principles (concerning which, fee my Mechanics, 4to.^ 
fchol. to prop. 11, where the nature of it is unravelled); their 
promifcuoofly ufing the words force and motion for one an- 
other, which are as different as caufe and effect, which in- 
duces no ftnall obfcurity into their writings; their afcribing 
the invention of Fluxions to Leibnitz , contrary to the cleareft 
teftimoniess and fome of them tell us, that, not he thatjirji 
found , but he that firjt publ\fhed it deferves the praife; as if 
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the publifher could have publi(hed it all, if the inventor had 
not firft found it out. Here the inventor is robbed of his due 
praife, to refign it to the thief that ftole it : and, in general, 
their aggravating every trifling flip as a capital crime ; and, 
inftead of praifing him for what he has done (which is more 
than all the world ever did before;, they difpraife him for 
what he has not done, or had not time to do ; and lampoon 
him, becaufe his time or his knowledge was not infinite. 

But if any body (hould afk what any of thefe Bravos have 
done fince ? the anfwer is this — Nothing at all, or lefs than 
nothing : they have been turning fcience backwards ; for 
they have been doing nothing but undermining his principles 
(though built upon the fureft foundations), to introduce their 
own chimerical hypothefes, that have nothing to fupport 
them but impudence, ignorance, and prefumption ! 

At the end of the Principia, Sir Ifaac Newton has given us 
his thoughts of the Deity. Here he Ihews that God is an 
eternal , infinite , and powerful Being ; that all the frame of 
nature is owing to him, which he made, and governs : and, 
from the iimilitude of all the parts of the world, he (hews 
that God is one; that he is a Being, ading with council and 
dejtgn, and with the greateft wifdom ; that we have ideas only 
of his attributes , but know nothing of his fubjlance , nor after 
what manner he adts or does any thing. Indeed, we know 
nothing of the fubftance of any thing, much lefs of God ; 
and as we cannot conceive of fpace and time, but as neceffar- 
rily exifting, much more muft we allow that God exifts ne- 
ceffarily ; and, confequently, that he exifts always , and every 
where , and that not partially , but totally. In (hort, he has 
laid down the bell metaphyfical notions of God that can be 
met with any where. 

But M. Leibnitz will not allow that God has in himfelf 
(much lefs other animals) any principle or power of adting, 
but as he is firft adted on by fome motive , which he thinks 
is to determine his adtions; and, in confequente of that, if 
two equal ways of adting were laid before God, he could 
choofe neither, but be like a balance adled on by two equal 
weights, that would turn no way. But at this rate God is 
not a free agent , but a mere patient . He reckons it an f/w- 
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perfeSion in God to be able to choofe one out of two perfect- 
ly equal things; becaufe, he fays, there wants a fufficient rea - 
fon, and therefore he can choofe neither. " But it is certainly 
a greater imperfeSlion to choofe neither than to choofe owe. It 
is a principle with him that God muft have a fufficient rea* 
fon; which is true : but it is God’s mere will that is the fuf- 
ficient reafon. And hojv comes he to know what is a fuf- 
ficient reafon to a perfectly free agent that has it in his power 
to do any thing ; as if man, who is no more than a worm in 
the creation, can prefume to know what is fittett to be done ? 

Sir Ifaac Newton has aflerted, that all the great bodies in 
the world move in free fpace, which is unbounded and infinite ; 
that all bodies have pores or empty fpaces within them. 
But this author will not allow any vacuum , but will have the 
world be a perf e£i plenum ; and he tells us, alfo, that the world 
will continue for ever without any alteration (or mending); 
but he has taken particular care to prevent that by introduc- 
ing his plenum . The motions of the heavenly bodies muft 
needs be retarded, and foon ftopt, in moving through denfe 
matter, though ever- fo fluid ; fo that one of his fuppofitions is 
inconfiftent with another, and nobody could more effectually 
deftroy his own hypothefis than he has done himfelf. He 
had had infinitely better chance for this fuppofition if he had 
made the planets, &c. to move in a vacuum. 

If God had defigned every thing to ftagnate, and be fixed 
in the world, then a plenum feems to be the beft conftitution 
for that end; but as all the operations of nature are to be per- 
formed by motion, which, indeed, is the beauty of nature, 
then placing them in vacuo muft needs be the beft conftitution, 
as the motions will then be free and unrefifted, and the moft 
durable pofiible; and therefore it is as neceflary to have a 
vacuum in which thefe motions are to be performed, as it is 
neceflary to have body to perform thefe motions. 

The fame objections he has made againft empty fpace he 
makes againft time ; for with him fpace is no more than the or- 
der of co-exiftingbeings, and time the order of fucceffive ones ; 
but at this rate the words nearer or farther , fooner or later , 
fignify nothing ; yet both fpace and time are meafured by 
quantity, and therefore are them felves quantities, and confe- 
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quently real beings, which confutes his notions. And, indeed, 
common fenfe is enough to determine this ; for their exid- 
ence is felf-evident, even to the mod ignorant, and cannot 
be made more evident by all the arguments in the world* 
Arguments in fuch cafes ferve for nothing but perplexing 
things that are plain of themfelves, and are often brought for 
that purpofe. Actions and a vacuum are the firft principles of 
the mod antient philofophy ; which is the fame thing as to fay, 
that God has made bodies , and room for them to a<& and move 
in ; for the whole world appears to bur fenfes to be nothing 
but matter and motion . 

This learned philofopher’s argument againd empty fpace 
is this : every perfection which God could give to things , with- 
out derogating from their other perfections, he has given them . 
Suppofe , then , an empty fpace , God could have placed matter 
in it ( which is more excellent than empty fpace ) ; therefore he 
has done it , and confequently there is no vacuum . Here he 
fuppofes that there is no excellency or perfection at all in mo- 
tion ; and fo this world-maker will not agree to leave any room 
or free fpace for bodies to move in ; and in this he is as dog- 
matical as if he had been originally one of God Almighty’s 
privy council. But, had he gone one dep farther, he would 
have feen the abfurdity of it ; for God did not make the 
world to dand dill, but to move after various laws and rules } 
and, confequently, when this acute philofopher fills the pla- 
netary regions with matter, he derogates from the perfections 
of the other bodies by dedroying their motion with his new 
matter ; and in this cafe, and for this very purpofe, empty 
fpace is more excellent than matter. 

But the ignis fatuus that leads him adray is the argument 
of a fufficient reafon , when, at the fame time, he is no judge 
at all what is fufficient. Yet this principle he brandilhes 
about with no fmall odentation and afiurance : but it is of 
no more ufe in his hands than the fword of Achilles in the 
hands of an infant, 1 

End of the Defence . 
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In jultice to the editor of this tranflation of Sir Ifane 
Newton's Principia, it is proper to acquaint the reader, that 
was with my confent he publiftied an advertifement, at 
the end of a volume of mifcellanies, concerning a fmall trad 
which I intended to add to his book by way of appendix ; my 
defign in which was to deliver lome general elementary pro* 
pofitions, ferving, as I thought, to explain and demonflrate 
the truth of the rules in Sir Jfaac Newton’s Theory of the 
Moon. 

The occafion of the undertaking was merely accidental ; 
for he (hewing me a paper which I communicated to the au- 
thor, in the year 17 17, relating to the motion of the nodes of 
the moon’s orbit, I recollected that the method made ufe of 
in fettling the equation for that motion was equally appli- 
cable to any other motion of revolution. And therefore I 
thought that it would not be unacceptable to a reader of the 
Principia to N fee the ufes of the faid method explained in 
the other equations of the moon’s motion ; efpecially (ince the 
greateft part of the Theory of the Moon is laid down without 
any proof ; and (ince thofe propositions relating to the moon’s 
motion, which are demon(irqted in the Principia , do gene- 
rally depend upon calculations very intricate and abftrufe, the 
truth of which is noteafily examined, even by thoi& that are 
jnoft (kilful ; and which, however, might be -eafily deduced 
from Other principles, 1 ’ ' > : -v.\ ; 
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Bat in my progrefs in thig delign, happening to find fe- 
veral general propofitions relating to the moon’s motions 
which ferve to determine many things which have hitherto 
been taken from the obfervations of aftronomers ; and having 
reafon to think that the theory of the moon might by thefe 
means be made more perfect and complete than it is at pre- 
fen t, I retarded the publication of the book, till I could pro- 
cure due fatisfa&ion by examining obfervations on places of 
the moon. But, finding this to be a work requiring a confi- 
derable time, not only in procuring fuch places as are proper* 
but alfo in performing calculations, upon a new method, not 
yet accommodated to practice by convenient rules, or affifted 
by tables, I thought it, therefore, more convenient for the 
bookfeller not to flop the publication of his impreflfoq any 
longer upon this account. But that I may, iq fome meafure, 
fatisfy thofe who are well conyerfant in Sir IJaoc Newton ’$ 
Principia (and I could with that none but fuch would look 
over thefe papers) that the faid adveytifement was qot with- 
out fome foundation, and that I may remove any fufpicion 
that the defign is entirely laid afide, I have put together, al- 
though in no order, as being done upon a fudden refolutioq, 
Ibme of the propofitions, among many others, that I have by 
me, which feem chiefly to be wanting iq a theory of the 
moon, as it is a fpeculation founded on q phyfical caufe ; and 
thofe are what relate to the dating pf the mean motions. Vox 
although it he of little or no ufe iq qflronomy to know the 
rules for ascertaining the mean motions pf the node pr apogee, 
fince the fadt is all that is wanting, and that is otherwife 
known by comparing the obfervations pf former ages with 
thofe of the prefect, yet iq matter pf fpeculation this te the 
chief and mqft neceflary thing required ; fince there is no 
other way to know that the caule is rightly afligned but by 
(hewing that the motions are fo much aqd no more than what 
they ought to he, 

But that it may not he altogether without its ufe, I have 
added all the rules for the equation the moon’s motion, ex-? 
Cept two i one of which is a monthly equation of the variation 
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depending on the moon’s anomaly; and the other an equa- 
tion ariiing from the earth's being not in the focus of the 
moon’s orbit, as it has been fuppofed to be, in all the mo- 
dern theories fince Horrox . 

For not having had time to examine over the obfervations 
which are neceffary, but being obliged, inftead thereof, to take 
Sir Ifaac Newton's theory for my chief guide and direction, I 
cannot venture to depart from it too far in efiablilhing equa- 
tions entirely new ; fince I am well allured, upon the bell au- 
thority, that it is never found to err more than feven or eight 
minutes. 

And, therefore, hoping that the reader, who confiders the 
Hidden occafion and neceffity of my publilhing thefe propo- 
iitions at this time, will make due allowance for the want of 
order and method, and look upon them only as fo many dif- 
tin& rules and propofitions not connected, I lhall begin, 
without any other preface, with (hewing the origin of that 
inequality which is called the Variation or Reflection of the 
Moon. 

The variation or reflection is that monthly in- The variation 
equality in the moon’s motion, wherein it more of tlie moo,u 
manifeftly differs from the laws of the motion of a planet in 
an elliptic orbit. Tycho Brahe makes this inequality to arife 
from a kind of libratory motion backwards and forwards, 
whereby the moon is accelerated and retarded by turns, mov- 
ing fwifter in the firft and third quarter, and flower in the 
fecond and fourth, which inequality is principally obferved in 
the oCtants. 

Sir Ifaac Newton accounts for the variation from the dif- 
ferent force of gravity of the moon and earth to the fun, 
arifing from the different difiances of the moon in its feveral 
afpeCts. 

The mean gravity of the moon to the fun, he fuppofes, is 
fatisfied by the annual motion of the moon round the fun j 
the gravity of the moon to the earth, he fuppofes, is fatisfied 
by a revolution of the moon about the earth. But the dif- 
ference of the moon's gravity to the fun, more or lefs than. the 
earth’s gravity, he fuppofes, produces two effeCts ; for,, as this 

os “ ‘ ' ‘ 1 ’ 
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difference of force pay be refolved into two forces, one aft- 
ing in the way, or contrary to the way, of the moon about 
the earth, and the other afting in the line to or from the 
earth, the firft caufes the moon to defcribe a larger or fmailer 
area in the fame time about the earth, according as it tends 
to accelerate or retard it ; the other changes the form of the 
lunar orbit from what it ought to be merely from the moon’s 
gravity to the earth ; and both together make up that in- 
equality which is called the variation. 

But fince the real motion of the moon, though a fimple 
motion caufed by a continual defle&ion from a ftraight line 
by the joint force of its gravity to the fun and earth, thereby 
defcribing an orbit which indofes not the earth but the fun, 
is yet confidered as a compound motion made from two mo- 
tions, one about the fun, and the other about the earth, be- 
caufe two fuch motions are requifite to anfwer the two forces 
of its gravity, if feparately confidered ; for the very fame 
reafon, the moon’s motion ought to be refolved into a third 
motion of revolution, fince there remains a third force to be 
fhtisfied, and that is the force arifing from the alteration of 
the moon’s gravity to the fun. And this, when confidered, 
will require a motion in a fmafl ellipfis in the manner hem 
defcribed. 

The circle ADFH (Fig. 1) reprefen ts the orbit of the moon 
about the earth in the Centre T, as it would be at a mean 
diftance, fuppofing the moon had tfo gravity to any other 
body but the earth/ The diameter ATF divides that part of 
the orbit which is towards the fun, fuppofe ADF, from the 
part oppofite to the fun, fuppofe AHF. The diameter at 
right angles HTD is the line of the moon’s conjan&ion with 
dr oppofition to the ftm. The figure PQLK is an ellipfis, 
whofe centre is carried round the earth in the orbit ABDEFH, 
paving its longer axis Pt in length double of the fhdrter axis 
QK, and lying always parallel to TD, the line joining the 
Centres of the earth and ftm. ' Wbflfi; the laid figure is car- 
ried from A to B, the moon resolves the contrary way from 
Q^to N, To as to deferibe equal areas in equal times about the 
deotre ofit; and to 'perform its* revolution m the fame time 
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te tVie centre of- the fiaid elliptic epicycle (if it itiJty be fo 
Called) performs its revolution; die moon being always inL 
the remoter extremity of its fhorter axis in Q and K when it 
is in the quarters, and in the neareft extremity of its longer 
iaxis at thd tinie of the new and full moon. 

The fhorter femi-axis of this eHipfis AQ is to the diftance 
t>f its centre from thd earth AT in the duplicate proportion 
of the moon’s periodical time about the earth to the fun’s pe-r 
riodical time: which proportion, if there be SIS9 revolutions 
of the moon to the flars in 160 fidereal years, is that of 47 td 
8400. 

The figure which is defcribed by this compound motion of 
the moon ijl the elliptic epicycle, whilft the centre of it is car- 
ried round the earth, very nearly repre&nts the form of the 
lunar orbit; fuppofing it without eccentricity, and that the 
plane was coincident with the plane of the ecliptic, and that 
the fun continued in the farrfe place during the whole revo- 
lution of the mooh about the earth. 

From the above conftrubtion it appears that the proportion 
between the mean diftance of the moon and its greatoft or 
leaft diftances is eafily affigtied, being fomefihing larger than 
that which is afiigned by Sir Ifaac Newton in the 28th pro- 
portion of his third book. But as the computation them 
given depends upon the folution of a biquadratic equation, 
affected with numeral co-efficients, which fenders it impof- 
fible to compare the proportions with each other fo as to fed 
their agreement or difagreement, except in a particular ap+ 
'plication to numbers, I (hall therefore fet down a rule, in 
general terms* derived from his method, which will be e*a<5t 
enough, unlefs the periods of the fun and moon {hbuld be 
much nearer equ&l than they are. Let L be the periodical 
time of the moon, S the period of the fun, M the fynodical 
period of the moon to the fun, and D be the difference of 
the periods of the fun and mpon ; then, according to Sir 
ifaac Ne tvton% method, the difference of the two axeaof the 
moon’s elliptic orbit, as it is contracted by the aCtioa of 

A • : ' ■ ‘ - M + L 

ftn, is to the fum jof the faid axes as 3L x - — ? to 

04 
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4DD — SS. But, according to the conftru&ion before hud 

down, the faid proportion is as SLL to £SS — LL. 

By Sir Ifaac Newton's rule, the difference will be to the 
fum nearly as 5 to 694 ; and consequently the diameters will 
be nearly as 689 to 699> or 69 to 70 : but, by the latter rule, 
the difference will be to the fum nearly as 1 to 119; and the 
diameters or diftances of the moon, in its conjundlion and 
quadrature with the fun, will be as 59 to 60. Dr. Halley 
(who in his remarks upon the lunar theory, at the end of 
his catalogue of the fouthem ftfirs, firft took notice of this 
contra&ion of the lunar orbit in the fyzygies from the phe- 
nomena of the moon’s motion) makes the difference of the 
diameters to the fum as 1 to 90;*and confequently the 
greater axis to the leffer as 45| to 44f. 

But the difference in thefe proportions of the extreme 
diftances, though it may appear confiderable, is not, however, 
to be diftinguifhed by the obfervations on the diameters of 
the moon, whilft the variations of the diameters, from this 
caufe, are intermixed with the other much greater variations 
ariiing from the eccentricity of the orbit. 

The angle of the moon’s elongation from the centre (Fig. 
1), defigned by BTN, is properly the variation or refie&ion 
of the moon ; the properties of which are evident from the 
defcription. 

Firft, It is as the fine of the double diftance of the moon 
from the quadrature or conjuo&ion with the fun ; for it is 
the difference of the two angles BTA and NTA, whofe tan- 
gents, by the conftru&ion, are in a given proportion. 

Secondly , The variation is, cattris paribus, in the dupli- 
cate proportion of the fynodical time pf the moon’s revolution 
to. the fun; for the variation is in proportion to the mean 
diameter of the epicycle, and that is in the duplicate pro- 
portion of the fynodical time of revolution. 

The greateft variation is an angle whofe fine is to the ra- 
dius as the difference of the greateft and leaft diftances TQ 
and TL, that is, 3AQ, to their fiira. According to the pro- 
portion of the lines before defcribed, this rule makes the elon- 
gation near 29 minutes ; which would be the variation, fup- 
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poling the mbon performed its revolution to the fun in 4he 
time of its revolution round the earth ; but if that elongation 
of 20 minutes be increafed in the duplicate proportion of the 
fy nodical time to the periodical time of revolution, it will 
produce near 34 minutes for the variation. 

It is to be poted, that what is faid of the epicycle, is upon 
fuppofition that the earth's orbit round the fun is a circle : 
if the eccentricity of the annual orbit be confidered, the mean 
diameter of the epicycle muft increafe or diminifli recipro- 
cally in the triplicate proportion of the fun'9 diftance. 

The conftru&ion which I communicated The method of 
to Sir Ifaac Newton for the annual motion in^irjr revoiu- 
of the nodes of the moon's orbit (which is tion * 
printed in the fcholium to the S3d propofition of his third 
book) is a cafe of . a general method for fhewing the inequa- 
lity o£ any motion round a centre, when the hourly motion 
or velocity of the objeft varies according to any rule, de- 
pending on its afpe£l to fome other obje6i.; for in any re- 
volution the mean motion and inequality are to be aligned 
by means of a curvilinear figure, wherein equal areas are de- 
fcribed about the centre in equal times ; the property of 
which figure /is, that the rays from the centre are always re- 
ciprocally in the fubduplicate proportion of the hourly mo- 
tion or velocity about the centre. 

Thus in the figure defcribed in my conftrudlion (Fig. 2), 
where TN is the line of the nodes, TA the line drawn to the 
fun, is fuppofed to revolve round the centre T, with the ve- 
locity of the fun's motion from the node ; and the ray TB, 
which is taken always in the fubduplicate proportion of that 
velocity, will deferibe equal areas in equal times ; fo that the 
feflor NTB will be the mean motion of the fun, the fe&or 
NTA the motion of the fun from the node, and conse- 
quently the area NAB the motion of the node, which will be 
a retrograde motion if the area be within the circle, and di-» 
re& if it falls without. From whence it follows, 

. ' J. That the periodical time of the fun's revolution to the 
node, will be to 'the periodical time of the fun’s revolution 
as the ar$a of the curvilinear figure to the area of the circle! 
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£ That if a circle be defcribed, whofe ire* is equal to thd 
area of the curvilinear figure, it will out that figure m the 
place where the fun has the mean motion from the node. 

3. If an angle NTF be made, which (haM comprehend an 
area in the faid circle* equal to the fe&or NTB in the figure, 
that angle will be the mean motion of the fqn from the node. 
And, confequently, 

4; The angle FTB, which is the difference between the 
fun’s true motion from the node, defigned hy ATN, and the 
fun’s mean motion from the node, defigned by FTN, will be 
the equation for the fun’s motion from the node, when the 
fun’s pofilion to the node is defigned by the angle ATN. 

From all which it appears, that what is faid of the fun’s 
motion from the node will hold as to any other motion round 
a centre ; as of the fun from the moon, or the moon from 
the node or apogee. In any fuch revolution a curvilinear 
figure may be defcribed about the centre, by the areas of 
which the relation between the mean and true motion may 
be fhewn ; and, confequently, the inequality or equation of 
the motion. 

And as in every revolution there is a certain figure which 
is proper to fhew this relation, fuch a figure may be called an 
equant for that motion or revolution. < 

And in every revolution where the equant is a figure of the 
fame property, the inequalities or equations will alter accord- 
ing to the fame rule. 

Thus, if the equant be an ellipfis about the centre, as itf 
that for the motion of the fun from the node, 

Firjt, The mean motion in the whole revolution will be rf 
geometrical mean proportional between the greateft motion 
in the extremity df the leffer axis and the leaft motion in 
the extremity of the longer axis ; for the radius of the circle, 
which is equal to an ellipfis, is a mean proportional between 
Use two femi-axes. 

Secondly , The tangents of the angles of the mein and true 
motion are in the given proportion of the two iaxes of the el* 
hpfis. Thus the tangents of the angles of the true and mean 
motion of the fun from the node, viz. fhe tahgints of the 
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Angles ATN and FTN (Fig. 2), are in proportion as the 
ordinates BG and FG, that is, as the femi-axes TH and TN< 

, Thirdly, The fine of the angle of the greateft inequality 
in the o&ants is to the radius as half the fum of the axes to 
haif their difference. 

' It is to be noted, that the equant is an ellipfis about the 
Centre in every motion where the excefs of the velocity 
about the centre above the leaft velocity is always in the 
duplicate proportion of the fine of the angle of the true mo- 
tion from the place where the velocity about the centre is 
leaft. From which remark, upon examination, it will appear, 
that the following motions are to be reduced to an elliptic 
equant defcribed about the centre. 

The monthly motion of the moon from the^node; 

The annual motion of the fun from the node; 

The motion of the moon from, the fun as it is accelerated 
or retarded by the alteration of the area defcribed about the. 
earth, according to Sir Ifaac Newton's 26th prop. 3d book; 

And the annual motion of the fun from the apogee. How 
tjaefe feveral equants are determined will appear by what 
follows. 

The node is in its fwifleft retrograde mo- The motion of tii« 
tion when the fun and moon are in conjnnc- nodts< 
tion or oppofition, and in a quadrature with the line of the 
nodes. According to Sir Ifaac Newton's method (explained 
at the end of the thirtieth propofilion of the third book), the 
force of the fun to produce a motion in the node at this time 
is equal to three times the mean folar force; that is, by the 
eonftru&ion of the elliptic epicycle, equal to a force which 
is to the force of gravity as SAQ to AT (Fig. l), or three times 
the leffer femi-axis of the ellipfis to the diftance of its centre- 
from the centre of the earth. But if the moon revolve in the 
elliptic epicycle as before defcribed, the force to make , a ’’mo* 
tion in the node at the time mentioned will be to the force of 
gravity as SDL to DT, or three times the longer femi-axfoto 
the diftance of the centre; which rs the double of the form® 
force. But, then, according to Sir Ifaac' s method, the: ifco- 
tion of the node at this time is to 'the mooa’s motion .afe itip 
9 » 
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folar force to create a motion in the node is to the force of 
gravity. But if the moon be conceived as revolving in a cir- 
cle, with the velocity of its motion from the node at this time, 
when the node moves fwifteft, and the plane of the faid circle 
be fuppofed to have a rotation upon an axis perpendicular to 
the plane of the ecliptic, and the contrary way to the motion 
of the moon, fo as to produce the motion of the node, and 
leave the moon to move with its own motion about the earth* 
the force to make a motion in the node feems to be the dif- 
ference of the forces to retain it with the velocity of its mo- 
tion in the moveable and immoveable planes; but the veloci- 
ties of bodies revolving in circles are in the fubduplicate pro- 
portion of the central forces. From whence it follows, that 
The motion of the moon from the node at this time , when the 
node moves fwifteji, is to the motion of the moon in the fubdu- 
plicate proportion of the fum of the forces to the force of gravi- 
ty, or as the fum of TD and 3DL to TD % 

And this would be the greateft motion of the node, upon 
fuppofition that the plane of the moon’s orbit was almoft co- 
incident with the plane of the ecliptic; but if the inclination 
be conlidered, the motive force for the node mull be diminiih- 
ed in the proportion of the fine-complement of the inclina- 
tion to the radius. How much this motion is, will appear by 
the following {hort calculation. 

The diftance TD being, as before/ equal to 8400, and SDL 
being £83, the inclination of the plane in this pofition is 
4° 59* 35", the fine-complement of which is to the radius 
as 525 to 527 nearly; therefore the force of gravity is to the 
motive force for the node thus diminifiied in the compound 
proportion of 8400 to 282, and of 527 to 525, that is, in the 
proportion of 4216 to 141. So that the greateft motion of 
the moon from the node is to the motion of the moon in the 
fubduplicate proportion of 4357 to 4216, that i9, in the pro- 
portion nearly of 6 1 3 to 603. According to which calculation 
the greateft hourly motion of the node ought to be 32" 47"'. 
-By Sir Ifaac Newton's tnetbod, it amounts to 33" 

This is the fwifteft retrograde motion of the node, when 
■theiin* of the nodes is in a quadrature With the fun, and the 
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moon is in its greateft latitude in conjun&ion or opposition to 
the fun. But the equant for the motion of the moon from 
the node in this month, when the line of the nodes is in qua- 
drature with the fun, is an eliipfis about the centre; and 
therefore the mean motion in this month will be known by 
the following rule: 

The mean motion of the moon from the node, in that month 
when the line of the nodes is in a quadrature with the fun, is a 
geometrical mean proportional, between the greateft motion of 
the moon from the node and the motion of the moon . 

And therefore this mean motion will be to the motion of 
the moon in the fubduplicate proportion of 618 to 603, that 
is, nearly in the proportion of 1521 to 1211. So that the 
mean motion of the node in this month will be to the mo- 
tion of the moon as 10 to 1211, which makes the mean hour- 
ly motion 1 6" 19”V*. According to Sir Ifaac Newton, it 
amounts to 16" 35"; but, by the corrections which he after- 
wards ufes, it is reduced to 16'' 16"'^. 

But the equant for the annual motion of the fun from the 
pode being alfo an eliipfis, it follows, that 

The mean motion of the fun from the node is a geometrical 
mean proportional between the motion of the fun and the mean 
motion of the fun from the node in the month when the line 
of the nodes is in quadrature with the fun . 

How near this rule agrees with the obfervations, will ap- 
pear by this calculation. 

Since the mean motion of the node in that month when 
the line of nodes is in quadrature to the fun was before 
Ihewn to be to the moon’s mean motion as 10 to 1211, and 
the motion of the fun is to the motion of the moon as l60 to 
2139, it follows, that the motion of the node and the mo- 
tion of the fun will be in the proportion of 154 and 1395; 
and, therefore, by the rule, the fun’s mean motion from the 
node is to the fun’s mean motion in the fubduplicate pro 
portion of 1549 to 1395, that is, nearly as 98 to 93 ; which 
porrefponds with the obfervations, there being 98 revolu- 
tions of the fun to the node in 93 revolutions of the fun 
*fhe fubduplicate proportion taken more nearly is as 941 to 
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693, which will produce 19 0 21' 3" for the motion of the 
node from the fixed ftars in -a fidereal year. The motion 
(as obferved) is I9 0 -21' 22". 

'Had the calculation from the rule been more exa&Iy 
made in large numbers, the annual motion produced would 
be 19° 21' 07 "h which is 14" lefs than the motion, as oh- 
ferved By the aftronomers. 

Which difference may very probably arife from the fun's 
parallax ; and, iffo, it may perhaps furnifh the belt and moil 
certain method of adjufting and filing the true diftance of 
the fun. For the fun's force being fomething more on that 
half of the orb which is towards the fun than what it is on 
the other half, the elliptic epicycle is accordingly larger iq 
the firft cafe than in ,tbe latter. And by calculation I find 
that the mean motion of the node, arifing after cpnfidera- 
tion is had of this difference, is more than the mean motion 
from the mean magnitude of the epicycle by near 2" in the 
year, for every minute in the paralla&ic angle of the orbit of 
the moon, or for every fecond of the fun's parallax. And, by 
the bell computation I have yet made, this difference, of 14'* 
in the annual motion of the node will arife from about 8* 
of parallax ; which will make the fun’s diftance above 2500Q 
femi-diameters of the earth. 

In like manner as the equant for the motion of the node 
fn that month when the line pf the nodes is in quadrature 
with the fun is an ellipfis, fo in any other month it is alfp 

ellipfis; the motion of the node being dire& apd retro- 
grade by turns, in the moon’s paffing from the quadrature tq 
the fun to the place of its node, and from the place of its node 
to the quadrature. 

But thefe elliptic equants do not only ferve to fhew the 
pf thepia^e'oflhe i ne( l ua lfty °f the motion of the node, but alfq 
moon’s oTbit to the the inclination of the plane of the moon's 
plane of the eclip- to the plane of the ecliptic. Thus the 

rays in the elliptic equants, for the motion of the moon 
from the node in each month, defign the inclinations of the 
plane of its orbit to the plane of the ecliptic in the feverql 
Jrefpedtive pofitions of the moon ta the line of the nodes, 
And the rays of the elliptic equant for the annual motion of 
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tbs fun ftrom the node', in, my conllru&ioti (in the ibhol. to 
prop* S3, book 3>ofSir Ifaac Newton's Prmcipia), defign the 
different mean inclinations of the faid plane to the plane of 
the ecliptic in each month, when the fun is in each refpe6frve 
afpeft to the line of the nodes. 

Thus if NT (Fig, 2) (the femi-tranfverfe axis of the ellip-j 
tic equant for the motion of the fun from the node) defign 
jthe mean inclination of the plane, or, which is the fame 
thing, if it represent the mean diftance between the pole of 
the ecliptic and the pole of the moon’s orbit, in that month 
when the fun is in the line of the nodes, TH, the 4emi-con» 
jugate axis of the faid elliplisy will defign the mean incli- 
nation, or mean diftance of the poles in that month 
when the line of nodes is in quadrature to the fun$ 
end TB, any other femi-diameter of the faid elliptic 
will reprefent the mean diftance between the faid potes^ 
when the fun is in that afpeft to the line of nodes 
which is deiigned by the angle NTA. For example^ 
if the lead inclination defigned by the (hort femi-axis TH 
be 5° GO' 00" ; fince TH is to TK as the motion of the fum 
to the mean motion of the fun from the node, by the 
property of this equant; and fince there are 98 revolutions of 
the fun to the node in 9 3 revolutions of the fun ; it fal- 
lows, that HK, the difference between the greateft and 
leaft of the mean inclinations in the feveral months of th* 
year, is to TH, the leaft, as 5 to 93; by which proportion 
the faid difference will amount to 16 ' 10". According , to 
Sir Ifaac Newton's computation, in the 33th prop, of the 
third book, it is 16' 23 "f. But if the faid number be leffened 
in the proportion of t>9 to 70, acccording to the author’s 
note at the end of the 34th prop, the faid difference will be- 
come 16' 9"* 

And in like manner the inclinations of the plane of the 
jnoon’s orbit, in that month when the motion of the node is 
fwifteft (being fituated in the line of quadratures with the 
fun), are determined by the equant for the motion of the 
moon from the node in that month. 

Thus,letTH betoTN (Fig. 2) in the fubduplicate proportion 
pf the mooH is motion to its greateft motion from the node, 
I?hep the moon is in the coiyun&ion in TJI ; that is (as was be- 
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fore determined), let TH be to TN in the proportion of 1211 
to 1221 ; and the ellipiis defcribed on the femi~axes TH and 
'TN will be the equant for the motion of the moon from the 
node in that 'month. And the rays of the faid equant will 
defign the inclinations of the plane in the feveral afpe&s of 
the moon to the fine of the nodes ; that is, if TN be the 
inclination of the plane, or the diftance of the pole of the 
ecliptic from the pole of the moon's orbit, when the moon 
is in TN, the line of the nodes, the ray TB will reprefent the 
diftance of the faid poles, or the inclination of the pl&ne, in 
that afpe2l which is defigned by the angle NTB. ' 

Which berog laid down, it follows that the whole variation 
of the inclination, in the time the moon moves from the 
line of the nodes to its quadrature in THK, is to the leaft 
inclination as KH to TH, that is, as 10 to 1211. Where- 
fore if the lead inclination be 4° 59* 35", the whole varia- 
tion will be 2' 29"*, This is upon fuppofition that the fun 
continued in the fame pofition to the line of the nodes 
during the time that the moon moves from the node to its 
quadrature. But, the fun’s motion protra&ing the time of 
the moon’s period to the fun in the proportion of 13 to 12, 
the variation muft be increafed in the fame proportion, and 
will therefore be 2' 41". According to Sir IJ'aae Newton 9 s 
computation, as delivered in the corollaries to the S4th prop, 
of the 3d book, for ftating this greateft variation (the inter- 
mediate variations in this or any other month not being com- 
puted or (hewn by any method), it amounts to 2 9 43". But 
if the faid quantity be diminilhed in the proportion of 70 to 
69, according to his note at the end of the faid propofition, 
it will become the fame precifely as it is here derived from 


the equant. 

The motion of the moon from the fun, as it is accelerated 


The variation 
of the area de- 
fcribed by the 
moon about the 
earth. 


or retarded by the increment of the area de- 
fcribed about the earth (according to the 26th 
prop, of the 3d book), is alfo to be reduced to 


aft elliptic equant, by taking the (horter axis to the longer 
axis in the fubquadruplicate proportion of the force of the* 


flat) on’s gravity to the earth to the faid force added to three 
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tirne* the mean folar force, that is, as TA (Fig. 1) to thefirft of * 
three mean proportionals between TA and TA + 3AQ. And 
in the fame proportion is the area defcribed by the moon 
about the earth, when in quadrature with the fun, to the 
mean area, or as the mean area to the area defcribed in the 
fyzygies : fo that the greateft area in the fyzygies is to the 
leaf); in the quadratures in the fubduplicate proportion of 

TA + 3AQ to] TA, or as v '8541 to v '8400. This is upon 
fuppofition that the moon revolves to the fun in the fame 
time as it revolves about the earth ; which will be found to 
agree very nearly with Sir Ifaac Newton’s computation in 
the before-cited propofition. 

The motion of -And after the fame manner an elliptic 
tim apogee. equant might* be conftrudted, which would 
very nearly fhew the mean motion of the apogee, according 
to the rules delivered by Sir Ifaac Newton (in the corollaries 
of the 45th prop, of the firft book) for ftating the motion of 
the apogee, namely, by taking the greateft retrograde 
motion of the apogee from the force of the fun upon the 
moon in the quarters, and the greateft diredt motion from 
the force of the fun upon the moon when in the conjunction 
or oppofitidn; each according to his rule, delivered in. the 
fecond corollary to the faid propofition. And if an ellipfis 
be mafle whofe axes are in the fubduplicate proportion of 
the moon’s motion from the apogee, when in the faid fwifteft 
diredt and retrograde motions, the faid ellipfis will be nearly 
the equant for the motion of the moon from the apogee, and 
will be found to be nearly of the form of that above for the 
increment of the area. 

But the motion of the apogee, according to this method, 
will be found to be no more than 1° 37' 22" in the revolution 
of the moon from apogee to apogee, which (according to the 
obfervations) ought to be 3° 4' 7 i' # * 

So that it feems there is more force neceffary to account 
for the motion of the moon’s apogee than what arifes from 
the variation of the moon’s gravity to the fun, in its revolu- 
tion about the earth. 

Voi.. JJI. P 
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But if the caufe of this motion be fuppofed to arife from 
the variation of the moon’s gravity to the earth, as it revolves 
round in the elliptic epicycle, this difference of force, which 
is nearly double the former, will be found to be fufficient to 
account for the motion, but not with that exa&nefs as ought 
to be expe6ied. . Neither is there any method that I have 
ever yet met with upon the commonly received principles 
which is perfectly fufficient to explain the motion of the 
moon’s apogee. 

The rules which follow concerning the motion of the apo- 
gee, and the alteration of the eccentricity, are founded upon 
other principles, which I may have occafion hereafter to 
explain, it being, as I apprehend, impoffible to derive thefe, 
and many other fuch propofitions, from the laws of centripe- 
tal forces. 

Let TC (Fig. 1) (in the above conftru&ion of the lunar 
orbit) be the mean diftance of the moon, or half the fum of 
its greateft and leaft diftances, viz. TQ and TL; and let CL be 
the mean femi-diameter of the elliptic epicycle, or half the 
fum of the femi-axes ; and take a diftance LM, on the other 
fide towards the centre, equal to CL ; then 

The mean motion of the moon from its apogee is to the mean 
motion of the moon in the fubduplicate proportion of TM 
to TC. 

For example ; half the fhorter axis or DC is 23 1 ; therefore 
TC the mean diftance is 8376f ; CM or 2CL, the fum of 
the femi-axes, is 141 ; fo that TM is 82351. Wherefore the 
motion of the moon from the apogee is to the motion of the 
moon in the fubduplicate proportion of 82351 to 83761, or 
of 16471 to 16753, that is, nearly as 117 to 118, or more 
nearly as 352 to 355; or yet more nearly, as 1877 to 1893 ; 
fo that there ought to be about 16 revolutions of the apogee 
in 1893 revolutions of the^moon; which agrees to great pre- 
cifenefs with themoft modern numbers of aftronomy, accord- 
ing to which proportion the meat* motion of the apogee 
in a fidereal year ought to be 40° 40’ v 40i". But, by the 
numbers in Sir Ifaac Newton's theory of thfc moon, the laid 
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ihotion is 40* 40^ 43 // . According to the numbers of Tycho 
Brahe y it ought to be 40° 40' 47". 

The mean motion of the apogee being ftated, I find the 
following rule for the alteration of the eccentri- Tko wfetun* 

. ° of the eccentri- 
city, city. 

The leaft eccentricity is to the mean eccentricity in the dupli- 
cate proportion of the fun’s mean motion from the apogee of 
the moon’s orbit to the fun’s mean motion . ' Or in the dupli -» 
cate proportion of the periodical time of the fun’s revolution 
to the mean periodical time of its revolution to the moon’s 
apogee * 

By the foregoing rule for the mean motion of the 
apogee there are 16 revolutions of the apogee in 1893 
revolutions of the moon ; but there being 254 revolutions 
of the moon in 19 revolutions of the fun, there muft 
be about 7 revolutions of the apogee in about 62 revolutions 
of the fun, or rather about 20 in 177. So that the periods 
of the fun to the ftars; and of the fun to the moon’s apogee* 
are in proportion nearly as the numbers 157 and 177* The 
duplicate of which proportion is that of 107 to 136; which, 
according to the rule, ought to be the proportion of the leaft 
eccentricity to the mean eccentricity. 

So that by this rule the mean eccentricity (or half the fum 
of the greateft and leaft) ought to be to the difference of the 
mean from the leaft (or half the difference of the greateft and 
the leaft), as 136 to 29- 

How near this agrees with the observations, will appear 
from the numbers of Mr* Horrox y or Mr* Flamjled y and of 
Sir Ifaac Newton . 

The mean eccentricity, according to Mr. Flamfted , or Mn 
Horrox, is 0.055ft36; half the difference between the greateft 
and leaft is 0.011617; which numbers are in the proportion* 
of 135f to 28| nearly. 

According to Sir Ijaac Newton , the mean eccentricity is 
0.05505; half the difference of the greateft and leaft is 
O.G1173 ; which numbers are in proportion nearly as 135Jf to 
28*f, each of which proportions is very near that above 
affigned. 

P % 
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• Bui it is id be noted, that the rule which hr hcfre laid 
down is true only upon fuppofitiou that the eccentricity is 
•xoeedingfy finall. There is another rule derived from a differ- 
ent method, which prefuppofes the knowledge of the quan- 
tity of the mean eccentricity ; and which will not only deters 
mine the variation of the eccentricity according to the laws 
of gravity with greater exa&nefs, but ferve alfo to correct an 
hypothecs in the modem theories of the moon, in which their 
greateft error feems to conftft ; and that is, in placing the earth 
in the focus of that ellipfis which is described on the extreme, 
diameters of the lunar orbit ; whereas it ought to be in a 
certain point nearer the perigee, as I may have occaiion to 
explain more fully hereafter. 

The greateft and leaft eccentricity being determined, the 
equant for the motion of the fun from the apo- The «quati<M 
gee is an ellipfis wbofe greater and leffer axes of a ^°s ee * 
are the greateft and leaft eccentricities; and, therefore, by the. 
property of fuch an equant as before laid down. 

The fine of the greateft equation of the apogee will be to the 
radius as the difference of the axes of the equant is to their fum; 
that is, as the difference of the greateft and heft eccentricities to 
their fum . 

For example ; fince the difference is to tbe futn as 2Q to 136, 
by what was determined in the foregoing article, the greateft 
equation of the apogee will be about 12* 18' 40". Sir Ifaae 
Newton has determined it from the obfervations to be 12° 18'. 

The 'greateft and leaft eccentricities being determined, the 
eccentricity and equation of the apogee, in any given afpe&of 
the fun, are determined by the equant in the* following man- 
ner. 

Let TN be the greateft eccentricity, TH (Fig. 2) the leaft; 
the ellipfis on the femi-axes TN and TH the equant for the 
motion of the apogee. 

Then jf the angle NTF be made equal to the mean dif- 
tainoe or mean motion of the fun from the apogee, the angle 
NT8 will be the true diftance or motion of the fon from tbe 
«pogee ; the difference BTF the equation of the apogee ; and 
the ray TB the eccentricity of the orbit, in that afpe& of tbe 
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fiih to the apogee tfcfigned by the angle NTBL Hence arifes 
this rule: 

The tangent of the mean dijiance, viz. NTF, is ta the tan- 
gent of the true dijiance NTB in the given proportion of the 
greateft eccentricity TN to the leaf TH, that is, as 165 
to 107. 

From what has been laid down concerning the general pro* 
perty of an equant, that it is a curve line deferibed about the 
centre, whofe rays are reciprocally in the fubdupheate pro* 
portion of the velocity at the centre, or the velocity of revo* 
Jution, it will not be difficult to deferibe the proper curve for 
any motion that is propofed ; and where the inequality of the 
{notion throughout the revolution is but fmall, there is no 
need of any nice or fqrupulous exa&neft in the quadrature of 
the curve for (hewing what the equation is. Thus all the 
fmall annual equations of the moon’s motion anting from the 
different diflances of the fun, at different times of the year, 
may be reduced to one rule exadl enough for the purpofe. 

For fince the fun’s force to create thefe annual alterations 
is reciprocally in the triplicate proportion of the defiance, the 
rays of the equant fpr fuch a motion will be in the fefquipli- 
pate proportion of the diftance. From whence it will not be 
difficult to prove, that, if the revolution of the motion to be 
equaled were performed iq the time of the fun’s revolution, 
the equation would be to the equation of the fun’s centre 
pearly as 3 to 2 : and fo if the force dpereafed as any other 
power of the fun’s diftance, fuppofe that \ybofe index is m, 
ihe equation would be to that of the fun’s centre as m to 2, 
But if the motion be performed in any other period, the equa* 
tion will be more or lefs in the proportion of the period of 
the revolution to the fun to the period of the revolution of 
the motion to be equated. Thus if it were the node or apogee 
of the moon’s orbit, the equation is to the former as the pe- 
riod of the fun to the node or apogee tp the period of the 
node or apogee. Which rul^ makes the greateft equation for 
the node about 8' 56", being a fmall matter lefs than that ii\ 
Sir Ijaac Newton's theory ; and the greateft equation for the 
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apogee about 21' 57", being fomething larger than that in the 

fame theory. 

The like rule will ferve for the annual equation of the 
moon’s mean motion. If, initead of the equation for the 
fun’s centre, another (mall equation be taken in proportion 
to it as the force, by Sir lfaac Newton called the mean folar 
force, to the force of the moon’s gravity, or as 47 to 8400 , 
the faid equation increafed in the proportion of the fun’s 
period to the mean fynodical period of the moon to the fan, 
or of 99 to 8, will be the annual equation of the moon’s mean 
motion. According to this, the equation, when greateft, 
will be 12 ’ 5 ". 

What is faid may be fufficient for the prefent purpofe, 
which is only to lay down the principal laws and rules of the 
feveral motions of the moon, according to gravity. Some 
other propofitions, which feem no lefs neceffary than the 
former for completing the theory of the moon’s motion, as 
to its aftronomical ufe, I referve to another time. 

But, to make fome amends for the (hortnefs and con- 
fufednefs of the preceding propofitions, I (ball add one ex«* 
ample to (hew the ufe of the equant more at large, in what 
is commonly called the folution of the Keplerian problem ; 
that being one of the things which I propofed to explain, 
when the elements for the theory of the iqoon were ad-> 

vertifed, 


An Example of the Ufe of the Equant in finding the Equa- 
tion of the Centre . 

LET the figure ADP (Fig. 3) be the orbit in which 
a body revolves, defcribing equal areas in equal times by lines 
drawn from a given point S ; and let it be propofed to find 
the equant for the apparent motion of the faid body about 
any other place within the orbit, fuppofe F. 

Let there be a line FR indefinitely produced, which revolves 
with the body as it moves through the arc AR ; and in the. 
faid }ipe ta£e a diltance Fp, which (hall be to FR* the 
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diftance of the body from the given point F, in the fubdu- 
plicate proportion of the perpendicular let fall upon the tan- 
gent of the orbit at R from the point S to the perpendicular 
on the faid tangent let fall from the given point F ; and the 
curvilinear figure, defcribed by the point p, fo taken every 
where, will be the equant for the motion of the body about 
the point F. 

For fince the areas defcribed at the diftances Fp and FR 
are in the duplicate proportion of thofe lines, that is, by the 
conftru&ion, in the proportion of the perpendiculars on the 
tangents let fall from S and F* the areas which the body de- 
feribes in moving through the arc AR about the points S 
and F are in the proportion of the fame perpendiculars ; and 
therefore the area defcribed by the revolution of the line Fp 
in the figure will be equal to that which is defcribed by the 
revolution of the line SR in the orbit. So that the areas de- 
fcribed in the figure will be equal in equal times, as they are 
in the orbit ; and, confequently, the rays Fp of the figure 
will conilantly be in the fubduplicate proportion of the velo- 
city of the motion, as it appears at the centre F, which is the 
property of the equant. 

From which conftru&ion it will be eafy to (hew, that, in the 
cafe where a body describes equal areas in equal times about 
a fixed point, there may be a place found out within the 
orbit, about which the body will appear to revolve with a 
motion more uniform than about any other place. 

Thus, fuppofe the orbit ADP was a figure, wherein the re- 
moteft and neareft apfes A and P were diametrically oppofite 
in a line paffing through the point S, viz. the point about 
which the equal areas are defcribed ; then if the point F be 
taken at the fame diftance from the remoteft apfis A as the 
point S is from the neareft apfis P, the faid centre F will be 
the place about which the body will appear to have the moft 
uniform motion ; for in this cafe the point F will be in the 
middle of the figure LpDl, which is the equant for the mo- 
tion about that point ; fo that the body will appear to move 
about the centre F as fwift when it is in its floweft motion ia 

P 4 
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the remoter $pfis A as it does when it is in its fwifteft motion 

in the neareft apfis P. 

- For, by the conftru&ion, when the body is at A, the ray 
of the equant FL is a mean proportional between AF and 
AS ; and when the body is at P, the ray of the equant FI is a 
mean proportional between the two diftances PS and PF, 
which are refpe&ively equal to the former. 

And in like manner, in an orbit of any other given form, a 
place may be found about which the motion is moft re- 
gular. 

If what has been faid be applied to the cafe of $ body re^ 
yolving in an elliptic orbit, and describing equal areas in 
equal times about one of the foci, as is the cafe pf a planet 
about the fun, and a Secondary planet about the primary one, 
it will ferve to (hew the foundation of the Several hypothefes 
and rules which have been invented by the modern aftronor 
mere for the equating of fuch motions, and likewife (hew how 
far each of them are deficient or imperfedl. 

For if the ellipfis A DP be the orbit of a planet describing 
equal areas about the fun in the focus S, the other focus, fup- 
pofe F, will be the place about which the motion is moft re- 
gular, from what has been already Said ; that focus being at 
the fame diftance from the aphelion A as the fun at S is from 
* the perihelion P. And, by the conftruftion, each ray (Fp) 
of the equant will always be a mean proportional between FR 
and RS, the two diftances of the planet from the two foci, in 
that place where the ray Fp is taken ; for the rays SR and 
RF, making equal angles with the tangent at R, by the pro- 
perty of the ellipfis, are in the proportion of the perpendi- 
culars from S and F, let fall on thofe tangents. And, there- 
fore, Fp being to FR in the fubduplicate proportion of SR t6 
FR, it will be a mean proportional between thofe diftances. 

1. Hence when the planet is in the aphelion A, or perihe- 
lion P, the rays of the equant FL and FI are the fhorteft, 
each being equal to CD, the leffer femi-axis of the orbit ; for, 
by the property of the ellipfis, the re&angle of the extreme 
pittances from the focus is equal to the Square of the leffer 
lemi-axis. * 
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fi. When the planet is at its mean didance from the fun in 
P or d, the extremities of the leffer axis, the equant cuts 
the orbit in the fame place ; the rays of the equant being 
then the longed, being each equal to the greater femi-axis 
CA. For inihofe points of the orbit the didances from the 
foci and the mean proportional are the fame. 

From which form of the equant it appears, 

1. That the velocity of the revolution about the focus F 
fli min iihes in the motion of the planet from the aphelion or 
perihelion to the mean didance, and increafes in palling 
from the mean diftance to the perihelion or aphelion ; for the 
rays of the equant increafe in the fird cafe, and diminifti in 
the latter ; and the velocity of revolution increafes in the du- 
plicate proportion, as the rays diminilh. . 

£. In any place of the orbit, fuppofe R, the velocity of 
the revolution about the focus F is in proportion to the mean 
velocity, as the rectangle of the femi-axes of the orbit CD 
and CA to the re6tangie of the focal didances RF and RS ; 
for the equant and the orbit, being figures of the fame area, 
are each equal to a circle whofe radius is a mean proportional 
between the two femi-axes CD and CA. But the mean mo- 
tion about the focus F is in thofe places where the faid circle 
cuts the equant ; and in other places the velocity of the re- 
volution is reciprocally as the fquare of the didance, that is, 
reciprocally as the reflangle of the focal didances RF 
and RS. 

S. So that the planet is in its mean velocity of revolution 
about the focus F in four places of the orbit, that is, where 
the re&angle of the focal didances is equal to the re&angle 
of the femi-axes; which places in orbits nearly circular, fuch 
as thofe of the planets, are about 45 degrees from the aphe- 
lion or perihelion ; but may be affigned in general, if need 
be, by taking a point in the orbit, fuppofe R, whofe neared 
didance from the leffer axis of the orbit CD is to the longer 
femi-axis CA in the fubduplicate proportion of the longer 
axis to the fum of the two axes ; as may be eafily proved. 

What has been faid may be enough to fhew the form of 
the equfmt, and the manner of the motion about the upper 
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focus in general ; but the precife determination of the in- 
equality of the motion requires the knowledge of the quadra- 
ture of the feveral feftors of the equant, or, at lead, if any 
other method be taken, of that which is equivalent to fuch a 
quadrature. 

There are divers methods for (hewing the relation between 
the mean and true motion of a planet round the fun, or round 
the other focus, fome more exadfc than others ; but the fol- 
lowing feems the moft proper for exhibiting in one view all 
the feveral hypothefes and rules which are in common ufe in 
the modern aftronomy, whereby it may eafily appear how 
far they agree or differ from each other, and how much each 
of them errs from the precife determination of the motion,, ac- 
cording to the true law of an equal defcription of areas about 
the fun. 

Upon the centre F defcribe the ellipfis LN1, equal and 
fnnilar to the elliptic orbit ADP, but having its axes FN 
and FL contrarily pofited, that is, the (horter axis LF lying 
in the longer axis of the orbit AP, and the longer axis FN 
parallel to the (horter CD. Let the focus of the faid ellipfis 
be in f ; and fuppofe two other ellipfes LB1 and Lfl to be 
drawn upon the common axis LI, one palling through the 
point B, where the perpendicular FN interfe&s the orbit, and 
the other through the focus f. Let the line FR, revolving 
with the planet in the orbit, be indefinitely produced, till it 
interfe6l the firft ellipfis LN1 (which was fimilar to the orbit) 
in Q, the equant in p, and the ellipfis LB1 (drawn through 
the interfe&ion B) in K. From the point K let fall KH per- 
pendicular to the line of apfides AP, and let it be produced 
till it interfeft the firft ellipfis LN1 in O, and the ellipfis Lfl 
(palling through the focus f ) in E ; and, laftly, in the ellipfis 
LN1 let GM be an ordinate equal and parallel to EH. In 
which conftrudion it is to be noted that the ellipfes Lfl and 
LB1 are fuppofed as drawn only to divide the line OKH in 
given proportions, that KH may be to OH as the latm 
reftum of the orbit to the tranfverfe axis ; and that EH or 
<5M, the bafe of the elliptic fegment GLM, may be to OH 
as the diftance of the foci to the tranfverfe axis. 
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Which being premifed, it will be eafy to prove that the 
fe&or pFL in the equant, or, which is the fame thing, the 
fe<ftor RSA in the orbit, is equal to the curvilinear area 
OKFMG, that is, equal to the elliptic fe&or QFL, deducing 
the fegment LMG, and adding or fubdufting the trilinear 
fpace QKO, according as the angle RFA is lefs or greater 
than a right angle. Wherein it is to be noted that thefe figns 
of addition and fubdudlion are to be ufed in general, if the 
angle AFR is taken from the aphelion in the firft femi-circle, 
but towards the aphelion in the latter femi-circle ; but if the 
angle AFR be taken the fame way throughout the whole re- 
volution, as is the method in aftronomical calculations, then 
the fegment and the trilinear fpaqe in the latter femi-circle 
muft be taken with the contrary figns to what are laid 
down. 

Hence it appears that the inequality in the motion of a 
planet about the upper focus F confifts of three parts. 

I. The firft and principal of which is the inequality in the 
alteration of the angle QFL in making equal areas in the ellip- 
fis LN1 (Fig. 3) ; for if a circle equal to the ellipfis be defcribed 
upon the centre F, fince the radius (being a mean propor* 
tional between the two femi-axes) will fall without the ellipfis 
about the line of apfides, and within it about the middle 
diftances, the angle QFL, which is proportional to the area 
defcribed in the circle, will therefore increafe fafter about the 
Jine of apfides, and flower about the middle diftances, in de- 
scribing equal areas in the ellipfis, than it ought to do in the 
hypothefis of Bifliop Ward , who makes the planet revolve uni- 
formly about the focus. The equation to rectify this in- 
equality is determined by the following rule. 

The tangent of the angle QFL is to tbe tangent of the angle 
in the circle including the fame area as the longer axis of the 
ellipfis to the fhorter axis ; and the difference of the angles 
whofe tangents are in this proportion is the equation ; as k 
jnanifeft from what was before faid on the properties of an 
elliptic equant. From the fame it alfo follows, that, 

1, The greateft equation is an angle whofe fine is to tbe 
jrajlius as the difference of the axes to their fum, or, which is 
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the fame thing, a9 the fquare of the diftance of the foci to the 
fquare of half the fum of the axes. So that in ellipfes nearly 
circular, of different eccentricities, this greateft equation 
will vary nearly in the duplicate proportion of the eccen- 
tricity. 

2. In ellipfes nearly circular, the equation at any given 
angle QFL is to the greateft equation nearly as the fine of the 
double of the given angle to the radius ; which follows from 
hence, that the equation is the difference of two angles 
Whole tangents are in a given proportion, and nearly equal. 

3. This equation adds to the mean motion in the firft and 
third quadrant of mean anomaly, and fubdu&s in the iecond 
and fourth ; as will eafily appear from that the line QF, in 
defcribing equal areas in the ellipfes, makes the angle to the 
line of the apfides lefs acute than it would be in an uniform 
revolution. 

This is the equation which is accounted for in the hypo* 
jhefis of Bullialdm ; for he fuppofes the motion of the planet 
in its orbit to be fo regulated about the upper focus, that the 
tangents of the angles, from the lines of apfides, fhall always 
be to the tangents of the angles anfwering to the mean an<v 
maly in the proportion of the ordinates in the ellipfis to the 
* ordinates in the circle circumfcribed ; which in effe& is the 
fame as if he had made the true equant for its motion about 
the focus F to be the ellipfis as above defcribed. 

The fame equation is alfo ufed by Sir Ijaac Newton in his 
folution of the Keplerian problem, in the fcholiuqi to the 
31ft prop, of the lft book, and is there defigned by the 
letter V. 

But fince the true equant LD1 coincides with the elliptic 
equant in the extremities .of the fhorter axis at L and 1, and 
falls within the fame at its interfe&ion with the longer axis, 
FN, it follows, that the motion of the planet in the femi- 
circle about the aphelion is fwifter than according to the hy- 
pothefis of an equal defcription of areas in the ellipfis LN1* 
and for the fame reafon flower in the other femi-circle about 
•the perihelion; the velocity about the centre F being always 
reciprocally in the duplicate proportion of the diftance. 
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Which leads to the fecond part of the inequality of the 
motion about the focus. 

II. The equation to rectify this inequality is an angle an- 
fwering to the fegment GLM ; which angle is to be added 
to the mean anomaly, to make the area of the 'elliptic 
fed lor QFL. 

This angle or equation is determined by the following rule. 
Let R be an angle fubtended by an arc equal in length to 
the radius of the circle. Viz. 57>29578 degrees ; and let A be 
an angle whofe fine is to the radius as GM, the bafe of the 
fegment, to FN, the femi-tranfverfe axis ; alfo let B be an 
arc in proportion to R, as the fine of the double of the angle 
A to the radius : then the equation for the fegment will be 
equal to A — |B. 

This equation is at its maximum when the angle LFQ is a 
right angle ; the bafe of the fegment becoming equal to Ff, 
half thediftance of the foci ; and the angle A, being in this 
tafe half the angle FDS formed at the extremity of the leffer 
axis, and fubtended by FS, the diftance of the foci ; which 
k commonly called the greateft equation of the centre. And, 
eonfequently, the arc B, in this cafe, is to R as the finC-of 
the faid greateft equation of the centre is to the radius. So 
that, according to this rule, for the meafure of the fegment, 
it will follow, that, 

1. This greateft equation is in proportion to the greateft 
equation of Bullialdus , as found in the preceding article for 
the elliptic equant, nearly as three times the tranfverfe axis 
to eight times the diftance of the foci. Or, otherwife, the 
greateft equation is to the angle defigned by R as twice the 
cube of the diftance between the foci to three times the cube 
of the tranfverfe axis. Either of which rules may be derived 
from the true angle, -as before determined ; or by taking \ of 
the rediangle of GM and LM, the bafe and height of the 
fegment, for the meafure of that fegment. 

So that in elliptic orbits nearly circular this greateft equation 
for the fegment is in the triplicate proportion of the ec- 
centricity. 
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2. This equation at any given angle QFL is tb the greateft 
equation in the triplicate proportion of the ordinate OH td 
the femi-tranfverfe ; that is, nearly as the cube of the fine of 
the mean anomaly joined to the double of Bullialdui s equa-* 
tion to the cube of the radius. For the fegment GML, which 
is proportional to the equation, is in the triplicate proportion 
of its bafe nearly ; and the bafe is proportional to the ordinate 
OH, by the conftru&ion. 

But the ordinate OH (in a circle defcribed upon the radius 
FN) becomes the fine of an angle wbofe tangent is to the 
tangent of the angle QFL in the proportion of the tranfverfe 
axis to the conjugate ; but the tangent of the fame angle 
QFL is to the tangent of the mean motion anfwering to the 
area of the elliptic equant QFL in the fame proportion. So 
that the ordiftate OH is to the fine of that angle of mean 
motion in the duplicate of the faid proportion ; and confe- 
quently the ordinate OH, in the circle on the radius. FN, is 
the fine of aft angle nearly equal to the mean anomaly joined 
to the double of Bullialdus’ s equation. 

3. This equation adds to the mean motion in palling from 
the aphelion to the perihelion, and fubdu&s in paffing from 
the perihelion to the aphelion ; as is evident from the tranfit 
of the point of interfe&ion E round the periphery of the ellip* 
fis Lfl. 

In Sir Ifaac Newton’s rule (in the before-cited fcholiura to 
the Sift prop. ]ft book) the angle X anfwersto this equation 
for the fegment; excepting that it is there taken in the tri- 
plicate proportion of the fine of the mean anomaly, inftead 
of the triplicate proportion of the ordinate OH. The error 
of this rule makes, 

III. The third part of the inequality, anfwering to the 
trilinear fpace OKQ, being the difference of the elliptic fedlor 
OFQand the triangle OFK. 

The fe&or OQF is proportional to an angle which is the difc 
ference of two angles whofe tangents are in the given pro- 
portion of the fenii-latus re&um FB and the femi-tranfverfe 
FN, or in the duplicate proportion of the leffer axis to the 
axis of the orbit. So that this fe&or, when at a maximum. 
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Is a 9 an angle whofe fine is to the radius as the difference 
of the latus return , and tranfverfe to their fum ; or as the 
difference of the fquares of the femi-axes to their fum. 

The triangle QFK is proportional to the redangle of the 
co-ordinates OH and,HF; that is, as the redangle of the 
fine OH and its cofine, in the circle on the radius FN; or 
as the fine of the double of that angle whofe fine is OH ; 
that is, the double of the angle whofe tangent is to , the tan- 
gent of the angle QFL in the given ratio of the greater to the 
lefier axis ; or whofe tangent is the tangent of the angle of 
mean motion anfwering to the elliptic fedor QF L in the dupli- 
cate of the faid ratio. But this triangle OFK, when at a 
maximum, makes an angle of mean motion which is to the 
angle called R as BN, half the difference between the latus . 
redum and tranfverfe axis, is to the double of the tranfverfe 
axis. 

So that the fedor or triangle in orbits nearly circular is 
always nearly equal to the double of BuHialdus’s equation. 

The triangle and fedor being thus determined, the equa- 
tion for the trilinear fpace is accordingly determined. From 
what has been faid, it appears, that, 

1. This equation for the trilinear fpace OKQ is to that for 
the triangle OKF in a ratio compounded of BN, the dif- 
ference between the femi-lranfverfe and femi-latus redum 
to the femi-latus redum, and of the duplicate proportion of 
the fine OH to the radius; or OKQ is to OKF in a propor- 
tion compounded of the duplicate proportion of the difiance 
of the foci to the fquare of the lefier axis, and the duplicate 
proportion of the fine OH to the radius; for the trilinear 
figure OKQ and the triangle OKF are nearly as OK and 
KH, whiqh are in that proportion; and confequently it holds 
in this proportion to the double of Bullialdus's equation. 

2. This equation, in different angles, is as the content 
under the fine complement and the cube of the line; for 
the triangle OKF is as the redangle of the fine and the fine 
complement. 

3. It is at a maximum at an angle whofe fine complement 
is to the radius as the fquare of the greater axis is to the 
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fum of the fquares of the t*o axes; which in orbits nearljT 

circular is about 60 degrees of mean anomaly. 

4. In orbits of different eccentricities it increafes in the 
quadruplicate proportion of the eccentricity. 

5. It obferves the contrary figns to that for the elliptic 
equant, called Bultialdus’a equation; fubdu&ing from the 
mean motion in the firft and third quadrants, and adding in 
the fecond and fourth, if the motion is reckoned from the 
aphelion. 

The ufe of thefe equations in finding the place of a planet 
from the upper focus will appear from the following rules, 
which are eafily proved from what has been faid. 

Let t be equal to CA the femi-tranfverfe, c equal to FC the 
diftance of the centre from the focus, b equal to CD the femi- 
conjugate, and R an angle fubtended by an arc equal to 
the radius, viz. 57* 17' 44" 48'", or 57,2957795 degrees. 

Tale an angle T = ^ R ; E = S = g T . 

The angle T will be the greateft equation for the triangle 
OFK ; the angle S will be the greateft equation for the 
fegment LMG ; and the angle E will be the greateft equa- 
tion for the area OKFL. Which greateft equations being 
found, the equations at any angle of mean anomaly will be 
determined by the following rules. 

Let M be the mean anomaly ; and let r be to T as the 
fine of the angle 2M to the radius : in which proportion, as 
alfo in the following, there js no need of any great exa&nefs, 
it being fufficient to take the proportions in round numbers. 

Take e to E as the fine of 2M ± 2 r to the radius ; and s 
to S as the cube of the fine of M ± r to the cube of the radius. 

Then the angle QFL is equal toM + e + s, in the firft 
quadrant LN ; or M — e + s, in the fecond quadrant N1 ; 
or M + e — s, in the third quadrant : or M — e s, in 
the fourth quadrant. 

Note, That the ftnall equation r is always of the fame 
fine with the equation e; and in the cafe of the planets 
always near the double of that equation. 

2 ' 
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The angle RFA at the upper focus F being known, the 
angle RSA at the>fun in the other focus is found by the com- 
mon rule of Bifhop Ward; viz. the tangent of half the angle 
RSA is to be to the tangent of half the angle RFA always 
in the given proportion of the perihelion diftarice SP to the 
aphelion diflance SA. How thefe equations are in the feve- 
ral eccentricities of the moon’s orbit, will appear by the follow- 
ing table. 


Eccentr. 

E. 

S. 


/ // 

// 

0.040 

1.23 

09 

0.045 

1.45 

13 

0.050 

2.09 

17 

0.055 

2.36 

23 

0.060 

3.06 

30 

0.065 

3.38 

38 

0.070 

4.14 

47 


To add one example : fuppofe the eccentricity 0.060, the 
mean anomaly 30°. The fine of the double of the mean 
anomaly, that is, the fine of 60, is to the radius nearly as 87 to 
100; whence, if the equation E = 3' 06" be divided in that 
proportion, it will produce 2' 40" nearly for the equation e : 
the fine of M is, in this cafe, equal to | the radius, the cube 
is f of the cube of the radius ; whence if the equation S = 36" 
be divided in the fame proportion, it will produce near 4 " for 
the equation s. Therefore the angle RFA, which is M + 
e + s, will be 30° 2' 44"; and the half is 15° l f 22" : where- 
fore if the tangent of this angle be diminifhed in the propor- 
tion of 1.06, the aphelion diftance, to 94, the perihelion 
diflance, it will produce the tangent of 13° 23' 13"; the 
double of which, 26° 46' 26", is the true anomaly or angle 
at the fun RSA. And consequently the equation of the cen- 
tre is 3° 13' 34" to be fubdudted, at 30 degrees mean ano- 
maly. 

When the place of a planet is found by this or any other 
method, the place may be corrected to any degree of exa<Si- 
nefs by the common property of the equant, viz. that the rays 
are reciprocally in the duplicate proportion of the velocity 
about the centre ; for in this cafe, if there be a difference 
Vol. III. Q 
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between the mean motion belonging to the angle attained at 
the upper foeus and the given mean motion, the error of the 
angle attained is to the difference as the redangle of the femi* 
axes to the redangle of the diftanees from the foei. But in 
orbits like thole of the planets the rules as the; are delivered 
above are fufficient of themfelves, without farther corre&ioiu 


POSTSCRIPT. 

UPON reviewing thefe few fheets after they were 
printed off, which happened a little fooner than I expeded, 

I fear the apology I have offered for delivering the propofi- 
tions relating to the moqn’s motion in this rude manner,, 
without giving any proof of them, or fo much as mentioning 
the fundamental principles of their demonftration, will fcaree- 
ly pafs as a fatisfadory one ; efpecially fioce there are 
among thefe proportions fome which, | am apt to think* 
$anpot eafily be proved to be either true pr felfe Uy any 
methods which are now in common ufe. 

Wherefore to render fome fatisfadicn in thU article,! 
ihall add a few words concerning the principles from whence 
thefe proportions and others of the like nature are derived; 
and alfo take the opportunity tP fubjoin a few' remark* 
which ought tp have been made in their proper places 
Firjt, There is a law of motion, which holds in the cafe 
where a body is defleded by two forces tending conftantly tQ 
two fixed point* ; 

Which is. That the body, in fueh a cafe, will defcribt, by 
lints drawn from the two fixed pointy equal jblidi im equal 
times about the line joining the f aid fixed points. 

The law of Kepler , that bodies deferibe equal areas in 
equal time* about the centre of their revolution, is the only 
general principle in the modern dodrine of centripetal forces. 
But fince this law, as Sir Ifaac Newton has proved, cannot 
hold, whenever a body ha* a gravity or faroe. to any othejr 
than one and the fame point, there feems to be wanting 
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Tome fuch law as I have here laid down, that may ferve to 
explain the motions of the moon and fatellites, which have a 
gravity towards two different centres. 

It follows, as a corollary to the law here laid down, that if 
a body, gravitating towards two fixed centres* be fuppofed, 
for given finall intervals of time* as moving in a plane palling 
through one of the fixed centres, the inclination of the faid 
plane to the line joining the centres will vary according to the 
area described ; that is, if the area be greater, the inclination 
will be lefs ; and if the area be lefs, the inclination will be 
greater, in order to make the folids equal. 

This corollary, when rightly applied, will ferve to explain 
the variation of the inclination of the plane of the moon’s 
orbit to the plane ofthe ecliptic. 

And how extremely difficult it is to compute the variation 
of the inclination in any particular cafC, without the know- 
ledge of fome fuch principle as this is, will belt appear, if any 
one confider the intricacy of the calculations ufed in the 
cdtoll&ries to the 34th prop, of the third book of the Principia, 
in order to ftate the greateft quantity of variation in that 
month when the line of the nodes is in quadrature with the 
fun, and that only in particular numbers* whereby it is deter- 
mined to be 9 ? 43". 

Whereas, there is a plain and general rule in this cafe, 
which follows from what is laid down, though not immedi- 
ately; namely, that the greateft variation in the faid poll* 
tion of the moon’s orbit is to the mean inclination of the 
plane as the difference of the greateft and leaft areas described 
in the fame time by the moon about the earth, when in the 
conjunction and in the quarters, to the mean area. 

Wherefore if S be to L as the fun's period to the moon's 
period, the greateft area is to the leaft as VSS + 3LL to S, or 
SLL 

as S 4- — g- to S nearly, by what is faid on this article 

In the 208th page. So that the difference of areas is to the 
mean area asl |LL to SS -f f LL ; and in the fame propor-* 
tion is the greateft variation of the inclination of the plane 

Q a 
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in this month to the mean inclination, which agrees nearly 
with Sir Ifaac s computation. 

Secondly , There is a general method for affigning the laws 
of the motion of a body to and from the centre, aMxadlly 
confidered, from its motion about the centre. 

The motion to and from the centre is called by Kepler a 
libratory motion; the knowledge of which feems abfolutely 
recjuifite to define the laws of the revolution of a body, in 
refpeft of the apfides of its orbit. 

For the revolution of a body, from apfis to apfis, is perform- 
ed in the time of the whole libratory motion ; the apfides 
of the orbit being the extreme points wherein the libratory 
motion ‘ceafes. 

So that, according to this method, the motion of a body 
round the centre is not confidered as a continued deflexion 
from aftraight line, but as a motion compounded of a circula- 
tory motion round the centre, and a redtilinear motion to or 
from the centre. 

Each of which motions require a proper equant. Of the 
equant for the motion round the centre I have already given 
feveral examples; and in the cafe of all motions which are 
governed by a gravity or force tending to a fixed point, the 
real orbit in which the body moves is the equant for this 
motion. In all other cafes it is a different figure 

The equant for the libratofy motion is a curve line figure, 
the areas of which ferve to Ihew the time wherein the feveral 
fpaces of the libration are performed. 

Which figure is to be determined by knowing the law of 
the gravity to the centre ; for the libratory force to accelerate 
or retard the motion to or from the centre is the difference 
between the gravity of the body to the centre and the centri- 
fugal force arifing from the circulatory motion. But the 
latter is always under one rule ; for in all revolutions round a 
centre, in any curve line, whether deferibed by a cen- 
tripetal force or pot, the centrifugal force is direftly in the 
duplicate proportion of the area deferibed in a given fmall 
time, and reciprocally in the triplicate proportion of the 
diftance; which is an immediate confequence of a known 
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propofition of Mr. Huygqns. The like proportion alfo holds 
as to the centripetal force in all circular motions, from a 
known propofition of Sif Ifaac Newton . But what is true of 
the centripetal force in circles is univerfally true of the other 
force in ofbits of any form. 

So that by knowing the gravity of the body, fince the 
other force is always known, the difference, which is the 
abfolute force to move the body to or from the centre, will 
be known ; and from thence the velocity of the motion, and 
the fpace defcribed in any given time, may be found, and the 
equant defcribed. Thefe hints may be fufficient to fliew what 
the method is. 

To add an example. If the gravity be reciprocally as the 
fquare of the diftance, the equant for the libratory motion 
will be found to be an ellipfis fimilar to the orbit, whofe 
longer axis is the double of the eccentricity : the centre of 
the libratory motion, that is, the place where it is fwifteft; 
will be in the focus ; the time of the libration through the 
feveral fpaces is to be meafured by fe&ors of the faid ellipfis, 
fimilar to thofe defcribed by the body round the focus of the 
orbit ; and the period of the libratory motion will be the fame 
with the period of the revolution. i 

In any other law of gravity, the equant for the libratory 
motion will either be of a form different from the orbit, or, 
if it be of the fame form, it muff not be fimilarly divided. 

I may juft mention that the equant for the libratory mo- 
tion, in the cafe of the moon, is a curve of the third kind, or 
whofe equation is of four dimenfions ; but is to be defcribed 
by an '' 1 hpfis, the centre of the libration not. being in the 
focus. 

From this method of refolving the motion it will not be 
difficult to fliew the general caufes of the alteration of the 
eccentricity and inequality in the motion of the apogee ; for 
when the line of apfides is moving towards the fun, it may 
be eafily (hewn, that, fince the external force in the apfides 
is then centrifugal, it will contribute to lengthen the fpace 
‘and time of the libration: by lengthening the fpace, it in- 
creafes the eccentricity ; and by lengthening the time of the 


Digitized by LjOOQle 



£30 THE LAVS OF 

Jibratiori, it protra&s the time of the revolution to the apfis, 
and caufes what is improperly called a motion of the apfis 
forward. But when the line of aplides is moving to the quat» 
dratures, the external force in the apfides is at that time cen- 
tripetal, which will contribute to (horten the fpace and time 
of librafion ; ahd by (hortening the fpace will thereby leffen 
the eccentricity, and by ftiortening the time of libration will 
thereby contraxft the time of tbe revolution to the apfis, and 
Canfc what is improperly called a retrograde motion of th^ 
apfis. 

. J (hall only add a few remarks, which ought to have been 
made in their proper places. 

As to the motion of the moon in the elliptic epicycle (p. 1 98), 
H flbould have been mentioned, that there is no fte£d of any 
accurate and perfect defcription of the curve called an eliipfis, 
it being only to fhew the elongation of the moon from the 
centre of the epicycle, which doth not require any fuch ac* 
eurafce defcription. 

Itfliould have been faid (Rg.l), that when the moon is ht 
any place of its orbit, fuppofe fomewh ere at N, in that half of 
the orbit which is next the fun, it then being nearer the fun 
than the earth, has thereby a greater gravity to the fun than 
the earth : which Axcefs of gravity, according to Sir Ifiiac 
Jitwtvtfs method, confifts of two parts; One adting in the 
line. NV, parallel to that which joins the earth and fun, and 
tbeiotbet a&ing in the line VB directed to the earth ; and 
tbelfe two forces, being compounded into one, make a force 
directed in the line NB, which is in proportion to the force 
of gravity as that line NB is to TB nearly. Wherefore as 
there is a force conftantly impelling the moon fomewhere 
towards the point B, this force is fuppofed to infledi the mo- 
tion of the moon into a curve line about that point ; for tbe 
fame reafoc as the gravity of it to the earth is fuppofed to 
hf*Ac& its motion into a curve line about the earth : not that 
&e moon Can actually have fo many dtftinft motions, but 
the one Ample motion of the moon round the fun is fuppofed 
to arifc from a composition of thefe feveral motions. 
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THE MOON’S MOTION. 231 

In the laft article on the fmall annual equations (page 213), 
thefe rules ought to have been added. 

Let IE be the equation of the fun’s centre ; P the mean 
periodical time of the node or apogee ; S the mean fynodical 
time of the fun’s levoktiou to the node gr apogee : then will 
SS 

gp M be the annual aquation of the node or apogee, accord* 

ing as S and P are expounded. 

The like rule will ferve for the annual equation of the 
moon’s mean motion* If S be put for the fun’s period, P for 
the mean fynodical period of the moon to the fun, andL for 
the moon’s period to the ftars, the annual equation of the 

moon’s mean motion will be M. 

According to thefe rules, when expounded, the equation 
for the node will be found to be always in proportion to the 
equation of the fun’s centre, nearly as 1 to 13 ; 

The equation of the apogee to the equation of the fun’s 
centre as 10 to 53 ; 

And the equation of the moan’s mean motion to the fame 
as 8 to 77 , 

It may be throughout obferved, that the propofitions are 
io general terms, fo as ta ferve, mutatis mutandis, for any' 
other fatellite as well as the moon. 

There might have been feveral other obfervations and re- 
marks made in many other places, had there been fufficient 
time for it ; but, perhaps, what I have already faid may be 
too muob, confidering the manner in which it is delivered. 


FINIS, 


Knight and Compton, Printers, 
Middle Street, Cloth Fair. 
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